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The agricultural industry in the United States has seen unprecedented growth in
productivity and changes in industry structure. However, some negative environmental
effects have emerged related to nitrogen, phosphorous, and sediment runoff. This study
developed a novel, community economic systems methodology called the Biophysical
and Economic Simulation of Agricultural Production (BESAP) model. This analyzed the
economic tradeoff between farm and community level impacts associated with potential
water quality standards for mitigating runoff in Mississippi. Key findings include: 1)
farm-level net returns decrease with more stringent conservation practices to reduce
nutrient runoff; 2) reductions in farm-level net returns have greater indirect cost effects
on input suppliers and households than at the farm-level; and 3) farm-level net returns
vary significantly depending on the conservation practices used, and the greater the
change in farm-level net returns, the greater the net economic effect on the local food
system in terms of employment, and value-added.
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CHAPTER I
INTRODUCTION
The agricultural industry has undergone significant changes. Crop yields per acre
have significantly increased in the past forty years (Matson et al. 1997). Farm size has
shifted to the extremes with large and small farms becoming more prevalent, thus leaving
less mid-size farms over the past forty years (MacDonald et al. 2013). Increased crop
yields and farm size distribution changes can be attributed to the intensification of
management strategies used on farms. The intensification of farm management has
brought new seed technologies, more efficient irrigation usage, and other innovations in
pesticides, mechanization, and fertilizers (Matson et al. 1997; MacDonald et al. 2013).
Finally, agricultural production today is more vertically integrated than ever (e.g.
poultry).
Although these changes have increased agricultural productivity in the United
States, some negative effects have emerged. Coupe et al. (2012) cited the degradation of
water quality in the Mississippi Delta has been partially due to agriculture. Degradation
of water quality has often been synonymous with runoff of agricultural nutrients and
sediment from farms, a form of non-point source (NPS) pollution. The United States
Environmental Protection Agency (EPA) defines NPS pollution as any pollution that
lacks a definitive source (502(14) of the Clean Water Act, 1972). Alternatively, point-
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source pollution refers to a type of water pollution that has some discernible conveyance
(United States Environmental Protection Agency 2016).
A voluminous economic literature exists that has found evidence where water
quality was affected by NPS pollution in agricultural production in the United States
(U.S.) and across a wide variety of waterbodies (Johansson and Kaplan 2004;
Rabotyagov et al. 2010; Kling 2011; Bostian et al. 2015). NPS pollutants largely refer to
runoff of nitrogen, phosphorus, and sediment. Nitrogen and phosphorus cause
eutrophication of waterbodies. Eutrophication promotes algae growth and may result in a
hypoxic (oxygen depleted) area (Rabotyagov et al. 2014; Ribaudo et al. 2016). Low areas
of oxygen in water have significant impacts on the surrounding aquatic life. Nitrogen
accelerates algae growth and algae consumer oxygen in water thereby restricting oxygen
available to fish. With less oxygen, fish populations plummet.
Large hypoxia zones now form seasonally around the globe. One zone in
particular is of great interest to the U.S. because it occurs in the Gulf of Mexico where
the Mississippi River converges into the ocean (Rabotyagov et al. 2014). The hypoxic
zone in the Gulf of Mexico, along with the degradation of water quality in waterbodies
across the U.S. has led to much research examining alternative numeric nutrient criteria
(NNC) to set water quality standards for waterbodies to minimize the harmful
environmental effects associated with NPS pollution in agricultural production in the
U.S. The choice of NNC has become an enormously important step toward balancing
agricultural productivity with conservation.
The key question for producers and policy makers is how to balance agricultural
productivity, profitability, and environmental stewardship. In the case of NPS in
2

agriculture, the EPA has taken the policy perspective that some water quality standards
have been necessary to curtail harmful runoff of nutrients, such as nitrogen and
phosphorous, in agricultural production. Under the directive of the EPA, states have
created new standards for water quality (EPA 2017). These standards have been referred
to as NNC. An NNC establishes the amount of acceptable nutrient concentrations in a
waterbody. If a nutrient concentration is above a threshold set by an NNC, then a
waterbody is considered impaired.
A direct connection between setting a NNC for waterbodies and establishing a
related NNC at the farm-level does not exist. Instead, the EPA has allowed states the
flexibility to set total maximum daily loads (TMDLs) to establish a threshold for
measuring impaired river miles and waterbodies as a first step. Some states, such as
Florida, have stringent water quality standards set as NNC and specific guidelines have
been established to follow to manage NPS pollution in agriculture. At the farm-level,
much research has been conducted to examine alternative conservation management
strategies that could be used to reduce NPS pollution in agriculture. These types of
management strategies have been referred to as best management practices, or BMPs, in
the economic literature. BMPs can be understood as conservation practices used at the
farm-level to reduce NPS pollution in the agricultural industry in the U.S.
In Mississippi, the Mississippi Department of Environmental Quality (MDEQ)
has proposed a set of alternative NNC standards to the Mississippi Stakeholder
community (Mississippi Department of Environmental Quality 2010; Developing
Numeric Nutrient Criteria for Mississippi, Stakeholder Update #10; MDEQ 2016). The
NNC set standards for allowable concentrations of nitrogen, phosphorus, and other
3

pollutants in a waterbody to maintain the sustainability of that waterbody’s intended
purpose. The proposal of the NNC standards has resulted in significant debate between
the public, the policy makers, and the agricultural community. Therefore, the question
pertinent for the agricultural community is: How can various BMPs or conservation
practices be used at the farm-level to mitigate NPS pollutants of nitrogen, phosphorous,
and sediment loss? Which conservation practices provide a balancing of continued farmlevel profitability while reducing NPS pollutants? What impact do changes in farm-level
profitability have on the local economy? How can we understand these possibilities?
The goal of this economic analysis is to answer two economic questions. First, are
there conservation practices that achieve high net returns while reducing nutrient and
sediment runoff at the farm-level in Mississippi agriculture? Second, how do changes in
farm-level net returns affect the local economy (e.g. jobs)? These questions will be
analyzed using the Biophysical and Economic Simulation of Agricultural Production
(BESAP) model. The BESAP model is a four component model that includes enterprise
budgets, the APEX model, net returns, and the IMPLAN model. The BESAP model will
evaluate different conservation practices through a simulated farm in Sunflower County,
Mississippi using the APEX model. Each conservation practice will be evaluated for net
returns, nitrogen and phosphorus runoff, and sediment loss.
This study developed the BESAP model for a method to evaluate conservation
practices at the farm-level and the associated community-level impact from conservation
practices. Enterprise budgeting, the Agricultural Policy Environmental eXtender (APEX)
model, and the Impact for Planning and Analysis (IMPLAN) model will be used in
conjunction to evaluate alternative conservation practices’ effects on net farm-level
4

returns and their associated effects on the local economy. The effect of changes in farm
net returns will be analyzed through an input-output (I-O) modeling framework to
understand how changes in revenues or expenditures at the farm-level affect the local
economy.
The development of the BESAP model is the major contribution of this economic
analysis. Previous research has examined the economics of NNC in agriculture using
APEX, I-O, or other biophysical models. To date, these approaches have been used
largely as separate approaches, but this study uses them in concert as a new methodology
that measures farm and community-level effects in a local food system framework. This
research also contributes some empirical evidence related to the economic tradeoffs
between farm-level net returns and conservation practices used to mitigate agricultural
NPS pollution in Mississippi agriculture.
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CHAPTER II
BACKGROUND OF LITERATURE
Access to water and water quality standards has been a major focus in American
agriculture. As such, the issue of setting water quality standards and their associated
benefits and costs has received much attention in the environmental economics literature.
For instance, Kling (2011) concluded that 22 percent of the impaired river miles in the
U.S. are a result of agricultural pollution and that agriculture is the single highest source
of impairment. The Mississippi Department of Environmental Quality (MDEQ) has
stated that 45 percent of Mississippi’s rivers and streams are considered to be impaired
(MDEQ 2014). With concerns of water quality and further damages to the Gulf of
Mexico, the economic examination of alternative water regulations has become a primary
concern for legislators, researchers, and agricultural producers. Biophysical models, math
programming, and other optimization techniques have been used to evaluate different
ways of reducing nutrient pollution (Randhir and Lee 2000; Paudel et al. 2003; Harman
et al. 2004; Osei et al. 2008; Rabotyagov et al. 2010; Kling 2011; Bostian et al. 2015).
This study uses the term biophysical models to describe three models in
particular: the Environmental Policy Integrated Climate (EPIC), the Agricultural
Policy/Environmental eXtender (APEX), and the Soil and Water Assessment Tool
(SWAT). These models are capable of calculating sediment loading, nutrient transport,
and crop yields, but differ on complexity and scale of use (White et al. 2014). The
6

biophysical models will be further explained in the methods and materials section of this
study.
Literature associated with water quality regulations can also be divided by the
scale of the study. A sizable portion of economic examinations of alternative water
quality standards are performed on a large scale (watershed/regional), while some are
performed on a smaller level (field/farm). However, not many studies have been
performed at the farm-level using biophysical models. For the purposes of This study,
literature related to examining the effects of alternative water quality standards will be
divided into three categories: 1) traditional economic methods (non-biophysical models)
were used to evaluate alternative water quality standards, 2) biophysical models were
used to evaluate water quality policies on a large region or watershed, and 3) biophysical
models used to evaluate different standards at the farm-level.
Non-Biophysical Models
Many studies have been conducted to assess the effects of water quality standards
on the surrounding environment and the economic impacts of abiding by such standards.
Many are performed without the use of biophysical models (Posnikoff and Knapp 1997;
Johansson and Kaplan 2004; Rabotyagov et al. 2010; Kling 2011; Bostian et al. 2015).
There are many alternative regulatory policies to reduce nutrient pollution from
agriculture. In addition, there are also different forms of agricultural pollutions. Studies
have been performed to understand control costs of deep percolation (Posnikoff and
Knapp 1997). Posnikoff and Knapp (1997) investigated control costs of deep percolation
in California using a static optimization model, by varying crop mix, amount of land in
production, amount of land fallow, irrigation technologies, and the amounts of irrigation.
7

Posnikoff and Knapp (1997) found that deep percolation levels are reduced through
increased environmental and disposal costs. However, land quality or location of the farm
was not explicitly included in the analysis (Posnikoff and Knapp 1997). Excluding land
quality or location of the agricultural lands limits the ability to properly allocate acreage
to being fallow or in production in the analysis. Having the higher land quality in
production would change the costs to producers. Johansson and Kaplan (2004) reviewed
the punishment or reward approach the U.S. government employed to help livestock and
crop producers abide by federal water quality standards. Livestock and other protein
producers were restricted in the amounts of animal manure that could be applied to the
cropland, while crop producers were able to purchase subsidized animal manure to apply
to the crop fields. Johansson and Kaplan (2004) used a constrained partial equilibrium
optimization model to examine the effects of the carrot and stick approach on profits of
livestock, poultry, and crop production. Johansson and Kaplan (2004) found that the
punishment or reward approach resulted in a decrease in livestock production and an
increase in crop production. Livestock and other protein prices increased as a result of the
punishment or reward system.
Rabotyagov et al. (2010) and Kling (2011) both explored the relation of nutrient
runoff from agriculture to the overall degradation of waterbodies across the US and the
Gulf of Mexico. Rabotyagov et al. (2010) researched the least-cost estimates for
controlling agricultural related nutrient contributions to the Gulf of Mexico in a large
scale study on the upper Mississippi River Basin. Rabotyagov et al. (2010) performed a
large analysis on a watershed that does not accurately yield farm-level impacts of nutrient
reduction practices. Kling (2011) re-stated some previous ideas on how best to overcome
8

issues of non-point source pollution from agriculture. A case study was then performed
on a watershed in Iowa under a tradable point abatement system to understand the total
cost to the watershed of abiding by the nutrient reductions. Although the tradable point
system accounts for farm location, this was also a large scale study that homogenizes
effects across producers. Bostian et al. (2015) utilized an economic integratedbiophysical hybrid genetic algorithm to assess the tradeoffs of water quality for
agricultural production on both the watershed and farm-level in Oregon by producing an
optimal tradeoff frontier. Significant variation in tradeoff values were found across the
basin as well as increased production costs. The significant variation in tradeoff values is
important because it shows that farm location matters.
In summary, each of these studies found stricter water quality standards have
increased costs on the surrounding areas and producers. None of these studies adequately
analyzed the effects of changes in producer net returns on the local economy. These
analyses were just estimates into what would be the cost of implementing a regulatory
policy to improve water quality. This research will analyze farm-level effects of
conservation practices and the subsequent effects on the local economy.
Biophysical Models Used for Regional or Watershed Analysis
One of the first biophysical models, EPIC, was developed as a field level tool to
estimate soil productivity in response to the Soil and Water Resources Conservation Act
analysis for 1981 (Gassman et al. 2004). The EPIC model received many updates and
upgrades over time and eventually a successor was developed, the APEX model. The
APEX model was developed in the 1990’s to address livestock and other agriculture
systems on a small watershed or farm basis (Gassman et al. 2004). EPIC and APEX have
9

been widely used across disciplines to simulate nutrient transport and farm activity
(Bernardo et al. 1993; Mapp et al. 1994; Paudel et al. 2003). This second stream of
literature used as a basis for this study is associated with studies that have been
performed using the EPIC, APEX, or SWAT models.
Bernardo et al. (1993) used a three-stage modeling framework that consisted of
the EPIC model, a math programming model, and an aquifer hydrology model
(MODFLOW) to evaluate the economic and environmental effects of possible regulatory
policies on agricultural groundwater in the Central High Plains. Different policy
alternatives of reductions in fertilizers and pesticides were tested. The results of the tests
concluded that for the best-case policy alternative, regional profits would decrease by
20%. Mapp et al. (1994) continued the work of Bernardo et al. (1993) using the same
three-stage framework but added an additional restrictive scenario on producers. Similar
results were found to Bernardo et al. (1993). Both studies found increased costs and
reductions in regional profits under the best-case scenarios.
Nitrogen and phosphorus are not the only pollutants agriculture contributes to US
waterbodies. Qiu and Prato (1999) utilized the SWAT model along with a math
programming model to maximize the net return of a watershed under three different
atrazine abatement policies. It was concluded that spatial characteristics of the watershed
significantly impacted the cost-effectiveness of different abatement policies. It was found
that it may be possible to tailor abatement policies to specific farms in a watershed.
However, tailoring abatement policies to specific farms may be considered an
infringement on producers’ rights.
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Paudel et al. (2003) researched the economic and environmental impacts of
alternative water quality standards on a watershed in Louisiana and a watershed in
Mississippi. The study was concerned with optimal litter application rates using APEX to
create data for the Mississippi watershed. Paudel et al. (2003) concluded that stricter
environmental regulations led to lower total profits and litter use in the area. Lower
profits resulting from environmental quality standards are a common conclusion in these
studies. These profits were aggregated across producers. The cost to producers of the
stricter regulations was not stated even though significant variation exists in the same
watershed.
In summary, each study found that implementing water quality standards
decreases agricultural profits. These studies did not evaluate the farm-level effects of the
improvements in water quality. The economic impact to the local economy was not
evaluated either. This research will evaluate effects of water quality standards on farmlevel net returns and the associated effects on the local economy.
Biophysical Models on a Farm-Level
The third and final stream of literature discussed in this study are articles and
studies using biophysical models on a farm or field level. Chowdhury and Lacewell
(1996) used EPIC to understand the cost-effectiveness of environmental policies on
groundwater contamination in the Seymour aquifer in Texas. Data from a simulated
representative farm was used in an optimization model to find the profit maximizing farm
plan under different environmental policies. Chowdhury and Lacewell (1996) found the
least-cost method to be $1 million either to the local government or to the agricultural
11

producers. This analysis did not evaluate the indirect and induced effects of
implementing the policy.
Randhir and Lee (1997) and Randhir and Lee (2000) studied the farm-level
response to water quality constraints using a nonlinear math programming model and the
EPIC model. The level of standard, pollutant standard, and policy instrument used to
enforce the standard all had an effect on farm income, risk, and NPS pollution. Osei et al.
(2008) created representative farms for sub regions in Texas in the APEX model. A
combination of the APEX model and a farm economic optimization model was used to
understand impacts on water quality and profits for animal feeding operations under
different manure application rates to adhere to the agro environmental policies. The
results from the baseline operation were compared to the alternative manure application
rate scenarios. Although Osei et al. (2008) was intended as a large scale study, the study
shows that APEX can be used to create data in different locations to understand impacts
of environmental quality standards.
APEX and other biophysical models have been used to simulate different
practices on large scales and at the farm-level. Earlier, it was shown that APEX was used
to simulate different manure application rates on animal feeding operations in Texas in
Osei et al. (2008). Bernardo et al. (1993) and Mapp et al. (1994) utilized the predecessor
to APEX and EPIC to understand the effects of different fertilizer restrictions on
groundwater quality. Chowdhury and Lacewell (1996) used EPIC to estimate the effects
of environmental policies on groundwater. Paudel et al. (2003) used APEX to create data
for analysis on different manure application rates in Mississippi on the watershed scale.
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Randhir and Lee (1997), Randhir and Lee (2000), Chowdhury and Lacewell
(1996), and Osei et al. (2008) all found lower (implied or explicitly stated) producer
profits under the different environmental quality standards. These studies showed that
farm location matters when analyzing water quality standards. However, these studies did
not analyze the local economic impacts of the water quality standards.
Bernardo et al. (1993), Mapp et al. (1994), Osei et al. (2008), Paudel et al. (2003),
and Chowdhury and Lacewell (1996) show the applicability of the biophysical models in
evaluating different water quality standards. However, using the APEX model for
analysis of regulatory implications on water quality and runoff has not yet been
established as a method to understand profitability and reductions in agricultural
pollution under different alternative production practices at the farm-level. This study
will be the first of its kind to use the APEX model to understand the possible
ramifications of water quality standards in the Mississippi Delta at the farm-level.
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CHAPTER III
METHODS OVERVIEW
This analysis created and used the Biophysical and Economic Simulation of
Agricultural Production (BESAP) method to evaluate different agricultural conservation
production practices employed to mitigate nutrient and sediment loss from agricultural
land. BESAP was created to fill the gap in the economic literature that often leaves out
local economic impacts and farm-level net returns from the use of NNC or other water
quality standards. This method is a new approach that provides empirical evidence of
tradeoffs between farm-level net returns and conservation practices employed to mitigate
agricultural non-point source pollution. The BESAP model is a major contribution to the
economic literature of understanding water quality standards at the farm-level.
This research evaluated a 2,500 acre farm in Sunflower County, MS under a 25%
corn and 75% soybean rotation using the BESAP model. The farm was created in APEX
and simulated for a period of 35 years. APEX produces annual crop yields and
nutrient/sediment loss statistics. The crop yields were used to calculate net returns for the
farm. The simulated farm was simulated under eight different production practices. Seven
of these eight practices were conservation practices used to reduce nutrient and sediment
loss from the farm. The baseline production practice was a conventional tillage system
using herbicide resistant crops. This is consistent with the current practices used in the
Mississippi Delta region (Falconer 2017). The BESAP model contains four components
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that allow researchers to evaluate benefits and costs of different agricultural production
practices. The four components and the associated level of that component are in Figure
3.1.

Enterprise
Budgets
(Farm)
Figure 3.1

APEX

Net Returns
(Farm)

(Farm)

IMPLAN
(Community)

BESAP Components

The first component of the BESAP model is the 2016 planning budgets published
by the Department of Agricultural Economics at Mississippi State University. These are
enterprise budgets for different agricultural commodities produced in Mississippi. The
enterprise budgets list the activities associated with production (planting, pesticide
applications, harvest, etc.) and the activities’ associated cost. Also included in the
enterprise budgets are the timing of when production activities occurred. The Agricultural
Policy Environmental eXtender (APEX) model is a biophysical simulation model used to
simulate the county characterized farm. The enterprise budgets characterized the APEX
simulated farm in the production activities. The APEX simulation produced statistics on
crop yields and nutrient/sediment losses from the farm. The crop yields generated by the
simulation were then used in the enterprise budgets to calculate per acre net returns. The
final component of BESAP is the Impact for Planning and Analysis (IMPLAN) model.
IMPLAN was used to assess the economic contribution of the simulated farm reducing
the total amount of nitrogen applied to corn by 20%.
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The BESAP model was used to evaluate the benefits and cost-effects of the
proposed alternative numeric nutrient criteria (NNC). The proposed NNC would limit the
amount (concentration) of nitrogen and phosphorus acceptable in Mississippi waterbodies
(lakes, streams, rivers, reservoirs). Agricultural nutrients and sediment runoff from farms
has severely impacted surrounding ecosystems, especially waterbodies (Johansson and
Kaplan 2004; Rabotyagov et al. 2010; Kling 2011; Bostian et al. 2015). Coupe et al.
(2012) cite the negative influence human interaction and agriculture have had on
Mississippi Delta ecosystems.
Each year the Department of Agricultural Economics at Mississippi State
University publishes enterprise budgets for different agricultural commodities produced
in Mississippi. The enterprise budgets are crop specific and are further differentiated by
irrigation and tillage practices. The enterprise budgets are specific to current practices
utilized by producers in the Mississippi Delta. Researchers and extension agents from
different backgrounds organized and composed the budgets. The information in the
enterprise budgets reflected the current practices being employed by agricultural
producers at the time of publication. This analysis used the enterprise budgets published
for the year of 2016, published in late 2015, for both corn and soybeans.
The APEX model was the advancement of the Environmental Policy Integrated
Climate (EPIC) model. APEX is capable of simulating how different management and
land uses impacts whole farms and small watersheds (Gassman et al. 2009). The EPIC
model is a single field scale model that is homogeneous in its natural characteristics.
APEX was developed to simulate multiple fields and small watersheds to estimate
impacts of different management techniques on both production and environmental issues
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(White et al. 2014). This biophysical model is the bridge between field scale and large
watershed or regional analyses performed by the Soil and Water Assessment Tool
(SWAT). APEX runs on a daily time step with crop growth heavily based on the amount
of heating units a plant captures in a day. The heating units are derived from historical
and generated weather data. Gassman et al. (2009) reported that APEX is capable of
long-term continuous simulations and can be used to simulate various nutrient
applications, tillage operations, alternative cropping systems, conservation practices, and
other management strategies. APEX also has a routing system that allows water and
pollutants to be traced through channel systems and between subareas in the model.
APEX is one of the few models that is capable of simulating pollutant transport at the
field scale. The APEX model is the gold standard biophysical model (Gassman et al.
2004).
The Mississippi Delta was used as a case study in this analysis. The proposed
numeric nutrient criteria from the Mississippi Department of Environmental Quality
(MDEQ) can potentially affect agricultural producers’ production practices and
management strategies.
Enterprise Budgets
The 2016 Planning budgets published by the Department of Agricultural
Economics at Mississippi State University were relied upon throughout this analysis. The
2016 planning budgets are comprised of different enterprise budgets for agricultural
producers in Mississippi based on the size of operation, geographical location, irrigation
techniques, and other characteristics. The 2016 Planning budgets are an enterprise
budgeting technique that helps producers calculate net returns based on estimated
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revenues and expenditures. The Department of Agricultural Economics provides planning
budgets for corn, grain sorghum, soybeans, wheat, cotton, and other agricultural products.
For the rest of this study, the 2016 planning budgets will refer to the budgets associated
with corn and soybeans. The planning budgets will be referred to as enterprise budgets
for the rest of the paper.
The enterprise budgets are a result of a multidisciplinary effort between
researchers and extension personnel to determine the production practices and input
quantities for each enterprise (Williams et al. 2015). The Mississippi Agricultural
Statistics Service conducts a yearly survey of producers to gather information on current
practices being employed per enterprise. This information is used by committees to create
enterprise budgets. Committees consisting of researchers and extension personnel from
the Mississippi Agricultural Forestry and Experiment Station, Mississippi State
University Extension Service, and the United States Department of Agriculture assisted
in forming the budgets.
The enterprise budgets have estimates of direct costs and fixed costs. Costs are
calculated and reported on a per acre basis. Direct costs in a production practice include
labor, fuel, materials used, and interest charges on operating capital (Williams et al.
2015). The estimates for direct expenses and fixed costs are used to estimate per acre
returns above direct expenses and total specified expenses, respectively. Per acre net
returns above direct expenses and per acre net returns above total specified expenses are
used as a substitute for the economic concepts net returns above variable costs and net
returns above variable plus fixed costs. The enterprise budgets do not account for any
land rent or insurance expenses.
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Each enterprise budget has six different tables. Each shows per acre estimates that
include 1) summary of costs and returns, 2) resources used for field operations, 3) costs
for field operations, 4) monthly income and expenses, and 5) returns for various price and
yield combinations. The analysis in this research used the enterprise budgets Corn,
conventional tillage, RR seed, 12-row 38, 210 bushel yield goal, furrow irrigated, 13 acin., Delta Area, Mississippi, 2016 and Soybeans, early-planted, RR, stale seedbed, 12R
30, furrow irrigated, 9 ac-in., Delta Area for corn and soybean baseline scenarios,
respectively. Adjustments to both enterprise budgets were made to account for the
alternative production practices scenarios. Figure 3.2 shows a portion of the soybean
enterprise budget used in the analysis concerned with direct expenses.

Figure 3.2

Example Direct Expenses Enterprise Budget for Soybeans APEX Baseline
Farm
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Baseline Farm
This analysis used Sunflower County in the Mississippi Delta as a case study.
Sunflower County, MS highest crop acreage is soybean followed by corn. Soybeans and
corn make up 70% of crop production in Sunflower County. First, a 2,500 acre farm was
created in the APEX system. This farm was divided equally into four subareas, or fields.
Each subarea was 625 acres and was homogeneous in its natural characteristics (e.g., soil
type, cropping system, weather, and topography). The only difference in the fields is
what year has corn to be simulated. The farm was subject to Sunflower County specific
natural characteristics. The whole farm was created with only soil type Forestdale Silt
Loam, while restricted to a soybean-corn rotation and furrow irrigation. The soybeancorn rotation is a 75%-25% split. The rotation is consistent with agricultural production
in Sunflower County, MS. Figure 3.3 represents the APEX farm.

Figure 3.3

APEX Farm Diagram
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Figure 3.3 shows the characterization of the APEX simulated farm using the
enterprise budgets. The enterprise budgets detailed the OPS files, which are the
management/schedule of operation files. These files contain information on when certain
activities occur, such as a planting date for a crop and the crop’s seeding rate. The APEX
parameter (PARM) file is a file that includes parameters used for calculations of different
natural processes in the model. The weather file is characterized by daily and monthly
weather statistics. Rainfall, maximum temperature, minimum temperature, and solar
radiation are the weather variables included in this weather file. The weather station used
for the historical weather data was in Moorhead, MS. The soil file contains information
on the characteristics of the soil selected for the simulation.
The four quadrants of the APEX Farm Diagram show how the simulated farm
was set-up in the APEX framework. Each quadrant represents a field which had acreage
of 625. The fields were homogeneous in all natural characteristics. The sequencing of the
crop rotation was the only difference between the fields. The simulated farm was 25%
corn and 75% soybeans. In the first quadrant of the diagram, representing field one, C1S2-S3-S4 is written to express the sequence of the crop rotation for field one. C and S
denote either corn or soybeans, respectively. The superscripts represent the year in the
rotation the specific crop is to occur. The simulated farm was characterized so that corn
was rotated through each field on a yearly basis. This means after year one, corn
simulation rotated to the next field, field two, for year two, then rotated to field three for
year three, and then to field four for the fourth year in the simulation. On the fifth year,
the rotation repeated. If corn was not being simulated on a field, then soybeans were.
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The baseline model was simulated over a period of 50 years from 1990-2039. The
first 15 years (1990-2004) were not included in the analysis because this period was a
warmup for the model which is consistent with APEX model simulation techniques
according to Doro (2017). The remaining period (2005-2039) of information was used to
calculate average corn and soybean yields and nutrient/sediment loss quantities from the
farm. The baseline farm consisted of 625 acres of corn and 1875 acres of soybeans,
which is the 25%-75% corn-soybean rotation.
A schedule of farm operations was created for each conservation practice. Farm
operations in this study refer to any activity that was performed in the simulation to
reflect real farm operations such as planting and harvesting. Dates of these operations for
corn and soybeans were based on a of variety trials from the Mississippi Agricultural and
Forestry Experiment Station (MAFES) in Stoneville, MS for the 2013 calendar year.
Planting, harvest, irrigation, pesticide applications, and any other practices that occur on
farm are scheduled in the operation schedule, OPS, files. Irrigation and fertilizer
applications occurred on the dates set in the OPS files no matter what the simulated
weather was for that day or what the weather had been in the preceding days leading up
to those activities. Making irrigation and fertilization dates strict was done to hold
irrigation constant across different years. Figure 3.4 shows some of the operations for
corn and the associated month the operation occurred.
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November t=1
Seedbed
Preparation

March t=2
Planting

February t=2
Pesticide
applications
Figure 3.4

September
Harvest

t=2

Timeline of Events for Corn

Figure 3.4 shows different operations that took place in production of corn. This
graph does not include all operations used in the simulation, but it is a guide to
understand that corn production did not follow a calendar year. Corn production started in
the simulation in November and ended in September of the following year. The
superscripts in the figure refer to the year in which the specific operation occurred.
November t=1 refers to November year one and t=2 refers to year two.
Corn seedbeds were prepared the preceding year in the month of November along
with diammonium phosphate (DAP) and lime applications with application rates of 180
lbs./acre and 0.66 tons/acre, respectively. The following year, in February, pesticide
applications were scheduled according to the Extension Enterprise Budgets. Corn was
scheduled for planting on March 15th every year of the simulation at 34,000 plants per
acre. Planting occurred each day during the simulation irrespective of rainfall. It is
assumed that having operations occur on the day they are scheduled irrespective of
rainfall or other weather has no negative or positive impact on the outputs of the model.
Harvest of corn was scheduled for September 9th. Although this may seem
lengthy for the corn-growing season, the corn plant itself does not accumulate any
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additional biomass once the plant has collected the 2,000 potential heat units (PHU).
Harvesting corn on September 9th ensured that the crop in the simulation collected
enough PHU and started the drying phase before harvest.
A split-application of nitrogen was applied for a total of 272 lbs. of nitrogen per
acre. The first application occurred on April 6th and the second occurred on May 8th.
This April application was urea and ammonium nitrate (UAN) + Sulfur (28%) and the
May application was UAN (32%). Five irrigations occurred in equal amounts of 50.8
mm. The dates of these irrigations were June 20th, June 29th, July 16th, August 1st, and
August 20th.
Simulated soybean production began with seedbed preparation in November. An
application of 18-46-00 occurred prior to the seedbed preparation in an amount of 87 lbs.
per acre. Soybean simulated planting occurred on April 30th each year at a rate of 50 lbs.
per acre. Harvesting soybeans occurred once the crop had obtained 2,400 PHUs for the
growing season, but the soybeans were restricted from being harvested before October
4th of each year. The 2,400 PHU value allowed the soybeans to collect enough energy to
convert into crop yields to obtain calibrated yields.
Five irrigations occurred, all in equal amounts of 38.10 mm, on the dates of June
20th, July 6th, July 24th, August 5th, and August 20th. Simulated soybean production
followed the same logic as that of corn production in Figure 5. This means that
production started in November of one year and finished in October the following year.
The dates for irrigation, fertilization, and other practices (besides harvest) are strict in the
simulation model and occurred on the day scheduled.
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Weather is a major factor in agricultural practices and production efficiency.
Crops have specific needs in water and optimal temperatures for growing. It is no
surprise that weather is a major factor in the APEX model. Daily and monthly weather
statistics are used in APEX to calculate plant growth, erosion, evapotranspiration, and
other naturally occurring processes. These weather statistics include precipitation,
maximum and minimum temperature, and solar radiation. Daily and monthly weather
data was collected from the United States Historical Climatology Network online service
from the weather station in Moorhead, MS for the years 1990-2014 (United State
Historical Climatology Network 2017). This data, for the period of 1990-2014, was then
used to generate daily and monthly weather data through the year 2039. Generating the
data for another 25 years allowed the simulation to run for a total of 50 years. This was
not a forecast of future yields, rather just 2017 technology with historical and predicted
weather data used for simulation.
Generation of the weather data occurred using a daily weather generator (WXGN)
and a monthly weather generator (WXPM). WXGN generates daily values for maximum
temperature, minimum temperature, precipitation, solar radiation, wind speed, and wind
direction (Sharpley and Williams 1990). The weather generation process is designed to
account for seasonality and its subsequent effect on weather patterns. Precipitation and
wind are generated independently of the other weather variables. Precipitation events are
generated based on the probability of a wet or dry day from a first-order Markov chain,
and the amount of precipitation is derived from a skewed normal distribution (Sharpley
and Williams 1990). Daily maximum/minimum temperatures and solar radiation values
are modeled using a continuous multivariate stochastic process presented by Richardson
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and Wright (1984). Hayhoe (1998) described the temperature and solar radiation
generation technique. The temperature and radiation estimates are generated using
residual elements of the time series for each weather statistic. More information on
generation of the weather statistics can be found in Hayhoe (1998), Sharpley and
Williams (1990), and Richardson and Wright (1984). The daily weather generated using
this modeling system allows researchers to use long-term weather series for analyses that
is otherwise unattainable through observed data.
Calibration
APEX outputs need to be calibrated to the study area (White et al. 2014). Most
studies using either the APEX or EPIC models calibrate not only yields, but also outflows
and other key measurements in the process. In this study, the simulated farm was yield
calibrated. Calibration based on crop yields is obtaining simulated crop yields not
statistically different to observed crop yields. Therefore, because of a limitation to site
specific data, the calibration procedure was not a typical calibration process for the
APEX model. Calibration is typically performed with specific information from a site
including crop yields, management practices, weather, and other natural characteristics
from the site.
The National Agricultural Statistics Service does not provide county specific
yields by irrigation for either corn or soybeans. This analysis used hybrid trial data from
the Mississippi State University Mississippi Agricultural and Forestry Experiment Station
(MAFES) Variety Trials Program. The APEX baseline farm model was calibrated to a
location in Stoneville, MS (Burgess et al. 2014). Stoneville, MS is in Washington County
which neighbors Sunflower County. The hybrid trials were year, location, and irrigation
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specific. Included in the hybrid trial reports are 3-year averages for certain varieties
(hybrids) that were grown for at least three years in the same locations. The 3-year
averages for corn and soybeans were used to calibrate the model. Table 3.1 and Table 3.2
show the 3-year average tables for both corn and soybeans directly from the reports.
Table 3.1

3-Year Corn Average yield (2012-2014)

Brand
Hybrid number
AgriGold
A6517 VT3 PRIB
Croplan
6640 VT3 PRO/RIB
Dekalb
DKC64-69
Dekalb
DKC69-29
Delta Grow
DG2888
Delta Grow
DG3660
Dyna-Gro
D55VP77
Dyna-Gro
D57VP51
Golden Acres
G5531
Golden Acres
27V01
NK Brand
N78S-3111
Terral Seed
REV® 22BHR43™
Terral Seed
REV® 24BHR93™
Terral Seed
REV® 28HR20™
Terral Seed
REV® 28R10™
Overall mean
The soil identifier is in parentheses
Table 3.2

Stoneville (clay)
Stoneville (loam)
197.4
228.6
207.9
249.4
183.3
231.7
195.8
242.8
185.1
234.4
202.2
238.9
184.1
240
203.3
239.4
190.9
237.5
181.8
244
194.1
243.2
182
235.7
204.8
243.5
190.6
251.1
200.4
243.7
193.6
240.3

3-Year Soybean Yield Average Group IV Early Roundup Ready

Brand
Hybrid
Armor
44-R08
Asgrow
AG4232
Asgrow
AG4533
Asgrow
AG4632
Croplan
R2C4541
Delta Grow
4670RR2
Dyna-Gro
31RY45
Hornbeck
HBK RY4620
Morsoy Xtra
44X82
Progeny
P4211RY
Progeny
P4510RYS
Overall
Mean
The soil identifier is in parentheses

Stoneville (clay)
68.8
67.4
75
74.2
69.9
68.9
70.9
62.5
71.4
69.2
66.5
69.5
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Stoneville (loam)
89.4
83
90.2
88.5
88.4
87.2
90.8
81.8
83.1
86.7
85.2
86.8

These figures list the 3-year averages for both soybeans and corn. The averages
are from earlier hybrid trials during the years 2012, 2013, and 2014. In order to devise a
yearly average to be used to calibrate the APEX model, the yields for the corn hybrids in
the figures above appeared in each of the 2012-2014 reports. The averages were also
found for soybeans. The APEX model also needed spatial or soil specific data to properly
yield-calibrate based on natural characteristics. From the hybrid trial reports, two classes
of soils were involved in the trials. The Sharkey series and the Dundee series were the
two soils specific to the corn and soybean trials. In the figures for the 3-year averages, the
Stoneville location has either (clay) or (loam) printed next to it. This is for the reader of
the hybrid trial report to know that trials were carried out at two locations in Stoneville,
one trial location having a clay soil and the other having a loam soil. In the hybrid trial
report, the soil type was specified as either a Sharkey Clay or Dundee Silt Loam for both
corn and soybeans. This information was discussed later in the variety trial report when
the characteristics of each trial were being discussed at length. Using the National
Cooperative Soil Survey Soil Characterization Database, data on three soil types for each
soil series (Sharkey and Dundee) were collected and used to create six new soil files in
the APEX system, one for each soil type.
Once new soil files had been created, replications of the baseline farm needed to
be created with the new soil types. The need for six types of soils was to mimic the soil
variability that is often observed in the field according to Doro (2017). As a result, the six
soil types increase the variability and reliability of the results for this analysis.
Once the new soils and weather data were correct, calibration procedures
occurred. Model parameters were adjusted according to Doro (2017) to best parameterize
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the specific APEX farm model. The potential heat units (PHU) parameter for corn and
soybean was adjusted to 2000 and 2400 respectively, where PHU is the potential heat
units accumulated by the crop. This parameter defines the growth and maturity of the
crop. For example, once 2000 heat units had been accumulated for corn, the crop did not
gain any biomass, which translates into yield after 2000 units. Other parameters in the
model were then adjusted to continue adjustment of the crop yields. Table 3.3 identifies
these parameter changes and gives a brief explanation of each.
Table 3.3

Parameter Values Adjusted During Calibration

Parameter
Parm 2

Value
1.4

Parm 10
Parm 28

2.0
2.0

Parm 34

0.6

Parm 36

1.0

Parm 38

0.85

Parm 82

3.0

Description
Improve simulation of impact of soil strength on root
growth
Improve simulation of pest damage on crops
Improve the simulation of nitrogen fixed by the legume
that was too high
Hargreaves equation exponent, set to obtain average
annual evapotranspiration of about 60%
Upper limit of daily denitrification, limits denitrification to
be reasonable
Improve simulation of corn yield mostly affected by water
stress
Affects percolation rate in the model

Calibration was assumed complete once the simulated yields from APEX were
not statistically different from the 3-year averages of the hybrid trials. This test was
performed using the Welch t-test. The Welch test was used because of the unequal
sample size and assumed unequal variances of the samples (Ott 1988). The test was a
two-tailed test with a 95% confidence interval. The null hypothesis was that the observed
3-year average yields from the variety trials were equal to the 35-year average simulated
yields. The alternative hypothesis was that the 3-year average was not equal to the
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simulated yields from APEX. A 3-year average was taken for both corn and soybean
yields for the years 2012-2014 from the hybrid trials from MAFES. These were the
observed statistics used for the hypothesis being tested in the Welch t-test. Because of the
procedures advised by Doro (2017) in the calibration process, the simulated yields were
not statistically different from the observed hybrid trial; therefore, it was concluded that
the model was calibrated. The hypothesis tested and the t-statistics for both corn and
soybeans used in the Welch test are reported below in Equation number 3.1. The
hypotheses tested for corn and soybeans were the same.

H 0 : YT  YS
H
H 0A ::Y
YTT  Y
YSS
H A : YT YYS Y
S
t-stat  T
YsT2  YsS2
S
t-stat 
T
2  2
nsTT  nsSS
n T nS

(3.1)

(3.2)

YT is the variety trial yield mean for either corn or soybean. YS is the 35-year
simulated yield mean for either corn or soybeans. Corn and soybeans were both tested
using this method. t-stat in Equation 3.2 is the Welch t-statistic used for the analysis. sT2
and sS2 represent the variance of the trial and simulated yield data, respectively, and nT
represents the number in the sample of trial data. Both corn and soybeans t-statistics were
less than the associated critical values at the 0.05 level. Both corn and soybeans failed to
reject the null hypothesis at the 0.05 level.
Once the model was simulated and calibrated based on the Welch t-test, the 35year average yield for soybeans was 66.78 bushel/acre (bu./ac.), assuming a 13%
moisture content of the soybean with a standard deviation of 9.04 bu./ac. 13% moisture is
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the typical amount of moisture contained in a soybean seed when taken to the elevators.
If the soybean seed contains 13% moisture then it will not be docked, or negatively
punished through lesser prices. The average corn yield per acre over the 35-year period
was 200.64 bu./ac., assuming a 15% moisture content in the corn kernel. The standard
deviation of the corn yields over the 35 years were 31.88 bu./ac.
Conservation Practices
Rabotyagov et al. (2013) used alternative production practices to understand
profitability on the farm. This study used many of the alternative conservation production
practices from Rabotyagov et al. (2013). The conservation production practices were
used in the APEX model to understand nutrient/sediment loss from the farm and any
changes in crop yield. These alternative conservation production practices are listed in
Table 3.4.
Table 3.4

Description of Alternative Conservation Production Scenarios

1
2
3
4
5

Conservation Practice
Baseline
No-Till
Low Nitrogen
Cover Crops
No-Till and Low Nitrogen

6

No-Till and Cover Crops

7

Low Nitrogen and Cover Crops

8

No-Till and Low Nitrogen and
Cover Crops

Description
Today’s current practices in MS Delta
No till as specified in APEX
Reduce nitrogen applications by 20%
Use cover crops between crop rotation
No till and reduction in nitrogen fertilizer
applications by 20%
No till and cover crops between crop
rotations
Reduce nitrogen applications by 20% and
use cover crops
No till and 20% reduction in nitrogen
applications and cover crops
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The baseline production practice are the most used methods for agricultural
production in the Mississippi Delta. The baseline practice is conventional tillage using
herbicide resistant crops (Falconer 2017). There is very little no-till used in the
Mississippi Delta (Falconer 2017). The low nitrogen production practice reduces total
nitrogen application fertilizers by 20% on corn. The amount was set to 20% because any
lower amounts of fertilizer applications and it changes the production frontier. For
example, if nitrogen were to be reduced by 25%, one would need to also change the
planting population of the corn crop. For this reason, the low nitrogen conservation
practice is held to a reduction of 20%. The cover crops production practice employs
planting a leguminous cover crop (Austrian Pea) before the corn crop and Cereal Rye
before the soybean crop. The other alternative conservation production practices are a
combination of alternatives 2-4 and then one combination of all three base alternatives.
Information on the cover crops was provided by Bryant and Krutz (2016) and Krutz et al.
(2017). The information on these cover crops was in the form of an enterprise budget.
The cover crops are considered an input in the production practice for both corn and
soybeans; therefore, the information from the budget for the cover crops will be added to
the original enterprise budgets used in the analysis. Changes from the baseline scenario to
the alternative production practices, both in the enterprise budgets and management files
(OPS), will be discussed in the Results section of this study.
Impact for Planning and Analysis
IMPLAN was used to create this study’s input-output (I-O) model. An I-O model
examines the flows of products between industries, industry use of production factors,
and industry sales to households or other final users (Hughes 2003). IMPLAN was used
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to measure the net economic contribution of the conservation practice low nitrogen being
utilized by the simulated farm in Sunflower County, MS. An economic contribution is the
gross changes in an economy because of some industry, event, or policy (Watson et al.
2007). The reason an economic contribution analysis was performed instead of an
economic impact is because an economic impact would be the result of a shock on an
existing economy. An impact is any event, policy, or industry that brings new revenues to
an existing regional economy (Watson et al. 2007). The low nitrogen conservation
practice does not bring new revenues to the economy. Low nitrogen changes how a
producer uses inputs in practice. Therefore, an economic contribution analysis is correct
in understanding the effect of the simulated farm switching from baseline production
practice to the low nitrogen conservation practice. Finally, the low nitrogen conservation
practice was the only conservation practice evaluated because a low transaction cost step
toward to reducing agricultural NPS pollution at the farm-level could be through limiting
the amount of inputs a producer could apply per acre. For example, a permit system that
limits fertilizer application (e.g. nitrogen) directly would be much a much lower
transaction cost to establish and enforce than measuring concentrations at the farm-level
toward some specific NNC. For this reason, a net contribution analysis was conducted
between baseline and the low nitrogen scenario. However, no such permit system exists
today to directly reduce nitrogen used at the farm-level.
Performing the net contribution analysis provided insight as to the effect that
changes in farm-level net returns had on the Sunflower County economy. I-O models are
used to estimate changes in production, employment, or income as a result of a change in
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economic activity. I-O models use multipliers to track the transfer of money through an
economy due to income being injected into the economy.
A regional multiplier is the ratio of total economic effect on a region’s economy
to the original change in economic activity. There are multipliers for employment,
income, and output. If a region’s output multiplier is 1.4, for example, and a firm’s sales
in the region increase by $100 to a firm outside the region, then total sales throughout the
region are expected to increase by $140. This additional $40 in regional economic
activity is due to the economic activity produced from spending the initial $100, from the
sales to the outside firm, back in the region. Employment multipliers establish how
economic activity will affect full-time and part-time jobs not only in the specific industry
of the economic activity, but also the surrounding industries. Employment multipliers
translate changes in output into regional employment changes. Income multipliers
convert changes in final demand into adjustments in household income.
Multipliers generated in the I-O model are based on a fixed-proportion production
function assumption (Hughes 2003). In addition, I-O models do not reflect changes in
prices based on changes in output, which is the assumption of complete elastic supply. IO models do not measure feasibility of a project; the project is assumed feasible once
analyzed in the I-O model. I-O models also do not measure profitability of a project.
The net economic contribution analysis evaluated the effect of a 2,500-acre farm
reducing total nitrogen fertilizer application by 20% on corn acreage. The simulated
yields from the baseline and conservation scenario (low nitrogen) were used to calculate
difference in revenues for the simulated farm. In IMPLAN, two events were created: the
baseline revenue and the conservation practice of low nitrogen revenue. Then a net
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analysis of these two events was performed in IMPLAN. The net economic contribution
analysis showed the effect of the low nitrogen conservation practice on employment,
employee compensation, total output, and value-added for the farm.
Hypotheses
This research tested hypotheses associated with the no-till, low nitrogen, and
cover crops conservation practices. Each of the hypotheses is stated in Table 3.5. Each
conservation practice was used to mitigate agricultural NPS pollution in the form of
nitrogen, phosphorus, or sediment. Hypotheses for the conservation practices that are
combinations of the no-till, low nitrogen, and cover crops scenarios were not stated
because of the complexity of combinations.
Table 3.5

Hypotheses for Conservation Practices

Conservation
Practice
No-till

Net Returns
NRB < NRNT

Cover Crops

NRB > NRCC

Low Nitrogen

NRB > NRLN

Total Sediment and
Nutrient Loss
NB > NNT
PB > PNT
SB > SNT
NB > NCC
PB > PCC
SB > SCC
NB > NLN
PB > PLN
SB = SLN

Net Local
Economy Effects
DB > DLN
IB > ILN
INB > INLN
TB > TLN

Table 3.5 shows the hypotheses or expected outcomes for the no-till, cover crops,
and low nitrogen conservation practices. There were hypotheses for net returns, sediment
and nutrient loss, and local economy effects. NR in the net returns column stands for net
35

returns. The subscripts B, NT, CC, and LN stand for baseline, no-till, cover crops, and
low nitrogen production practice, respectively. N, P, and S in the total sediment and
nutrient loss column stand for nitrogen, phosphorus, and sediment loss from the farm. D,
I, IN, and T stand for direct, indirect, induced, and total effect, respectively.
The no-till conservation practice was expected to have a higher simulated net
return compared to the baseline. This is because no-till reduces the number of passes in
farm equipment over the farm. Reducing the amounts of passes a tractor or other
equipment makes over the land reduces fuel, labor, and machinery costs. This reduction
in costs was expected to have a positive impact on the farm-level per acre net returns
such that the net returns from no-till would be higher than baseline. No-till is a
conservation practice aimed at reducing the amount of nutrient and sediment loss from
the farm when compared to conventional tillage systems. Therefore, it was expected that
total nitrogen, phosphorus, and sediment loss under the no-till conservation practice
would be less than under the baseline production practice.
The cover crops conservation practice was expected to have lower simulated net
returns compared to the baseline. The economic thought behind this hypothesis is that
cover crops increase input costs without creating crop yield increases, which decreases
net returns. The cover crops conservation practice was used to mitigate sediment and
nutrient loss from the farm. Therefore, cover crops was expected to have less sediment
and nutrient loss compared to the baseline.
The low nitrogen conservation practice was expected to have lower simulated net
returns compared to the baseline. Lower nitrogen application rates means decreased
yields in corn which decreases revenues. The decrease in nitrogen application would
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decrease costs, but the decrease in average corn yield should have been greater than any
cost-savings from foregoing the additional nitrogen applications. Nitrogen and
phosphorus loss from the farm were expected to decrease compared to the baseline
because less fertilizer was applied to the farm. However, sediment loss was not expected
to decrease because tillage was not changed, only the amount of fertilizer applied was
changed. The direct, indirect, induced, and total effect on the local economy were
expected to be greater from the simulated farm using the baseline production practice
compared to the farm using the low nitrogen conservation practice. The baseline
production practice was expected to have higher total revenues and net returns compared
to the low nitrogen conservation practice. Therefore, the baseline production practice was
expected to have a larger economic effect on the Sunflower County economy.
The hypotheses for the net returns of the conservation practices were tested using
a one-tail t-test assuming unequal variances between the samples. The t-test also assumes
normality of the distributions of the samples. A two-tail t-test was used to test the
statistical difference between the nutrient and sediment loss quantities between the
conservation practices and the baseline production practice. The results of these tests are
reported in the results section of this research.
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CHAPTER IV
RESULTS
Two types of results exist in this chapter. The first type of results was the farm
effects of different conservation practices utilizing the Biophysical and Economic
Simulation of Agricultural Production (BESAP) model. These farm effect results are per
acre net returns for the different conservation practices and the associated level of
sediment/nutrient loss from the farm. The second type of results were community results.
The community results were from the contribution analysis performed using IMPLAN to
explore the impact of changes in farm revenue on the surrounding community. However,
one of the most important results was from the Welch t-test. The Welch test was used to
identify if the simulated crop yields from APEX were statistically different from the
observed variety trial yields. The test statistic equation is reported in Equation 4.1.
t-stat 

YT  YS
sT2 sS2

n T nS

(4.1)

The null hypothesis stated that the simulated yields were equal to the observed
yields. The alternative hypothesis stated that the simulated yields were different from the
observed yields. The calculated t-statistic (t-stat) for soybean yields was 0.9455. The
associated critical value (t-crit) was found to be 2.920 at the 0.05 level. The t-stat
(0.9455) is less than t-crit (2.920) which resulted in a failure to reject that the null
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hypothesis that the means are statistically the same at the 0.05 level. The calculated t-stat
for corn yields was 1.805. The associated t-crit was found to be 2.015 at the 0.05 level.
The t-stat was less than the t-crit which resulted in a failure to reject the null hypothesis
that the simulated yields and the observed yields are statistically the same.
Farm Results
Per acre net returns were calculated for corn, soybean, and total production using
the crop yields produced by the APEX simulation. Total production per acre net return
accounted for crop rotation. In this analysis, the November 2017 soybean contract price
(agweb.com, April 6th, 2017) and the September 2017 corn contract price (agweb.com,
April 5th, 2017) were used to calculate revenues. The price for soybeans at close of the
market for the November 2017 contract was $9.50 per bushel and $3.80 per bushel for
the September 2017 corn contract. Using these prices, the net return for corn per acre was
calculated as $52.38 and soybean per acre net returns were $130.90. These net returns do
not consider an expenses associated with rent for land or crop insurance. This only
considers direct expenses and fixed expenses. Including a land rent or crop insurance
would only be an additional fixed expense. The average per acre net return of total
production was calculated as $111.27. Table 4.1 reports the price for each commodity
and the simulated yields for the commodities.
Table 4.1

Corn and Soybean Prices and Simulated Yields
$/bushel

Corn
Soybean

Simulated Yield
Per Acre
200
66.78

$3.80
$9.50
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Revenue Per Acre
$760.00
$634.41

Table 4.2 shows the baseline per acre net returns for corn and soybeans separately
and jointly. Table 4.2 also reports sediment and nutrient loss from the farm under the
baseline scenario. Table 4.3 reports the descriptive statistics of the baseline simulated net
returns.
Table 4.2

Baseline Per Acre Net Returns and Sediment/Nutrient Loss Quantities
Baseline

Corn
Soybean
Total
Sediment (lb/ac)
Nitrogen (lb/ac)
Phosphorus (lb/ac)

Table 4.3

$ 52.38
$ 130.90
$ 111.27
10.22
20.47
7.13

Baseline Net Returns Descriptive Statistics
Net Returns
$111.27
$77.97
-$101.96
$232.99

Average
Standard Deviation
Minimum
Maximum

The nutrient and sediment loss values for the baseline model used for comparison
against all other conservation practices. The statistics for nitrogen and phosphorus were
the summation of soluble nutrients and sediment transported nutrients. This means that
the statistic reported was the total amount of nitrogen or phosphorus leaving the farm via
the farm outlet. Total nitrogen loss was comprised of surface runoff, return flow, sub
surface flow, quick return flow, drainage flow, and sediment transported nitrogen. The
variables that define this in APEX were QNW and YNW, where YNW is only the
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sediment transported nitrogen and QNW is everything else. Phosphorus loss follows a
similar logic, but the variables in APEX were QPW and YPW. Total sediment loss stands
alone and was defined as YW in APEX output. The per acre net returns and
sediment/nutrient loss quantities of the baseline model were used for comparison and was
reported with each conservation practices’ own statistics.
Baseline with Automatic Irrigation
In APEX, crop yields were affected by many variables. Variables had different
effects on crop yields. In the output file (.OUT file) from APEX, six stress variables were
reported. These included water, nitrogen, phosphorus, temperature, air, and salt. When a
crop did not have adequate amounts of water, this caused plant stress and had a negative
impact on crop yield. The stress variables were measured in units of days of stress. For
example, at the end of a simulated year, outputs may show the corn crop had 24 days of
water stress. This means that in aggregate, during the growing season, the corn crop was
without adequate water for 24 days total.
The APEX model does not report reductions in yields based on multiple stressors.
The model only accounts for the stressor with the largest negative magnitude associated
with crop yield. For example, if water stress has a greater impact on a corn crop than
inadequate amounts of nitrogen, the APEX model will only calculated negative impacts
on corn yield based on water stress and will not include nitrogen stress. To combat this
issue, the model was set to automatically irrigate both crops whenever water was needed
by the plants to eliminate water stress. Automatic irrigation was a setting in APEX that
allows researchers flexibility to vary irrigation. If automatic irrigation was not selected,
then manual irrigation dates were selected.
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In the baseline model discussed above, the irrigation setting was set to manual
because it was irrigating on specific dates in specific amounts. Automatic irrigation
eliminated water stress to corn and soybean crops and allowed an examination of how
different conservation practices affect crop yields. Therefore, the baseline model using
automatic irrigation is referred to as baseline automatic (auto) from here on. Figure 4.1
shows the difference in automatic vs manual irrigation.

Baseline

Manual Irrigation (percent changes
in runoff)

Figure 4.1

Automatic Irrigation (percent
changes in yields)

No-till

No-till

Low Nitrogen

Low Nitrogen

Cover Crops

Cover Crops

Manual Irrigation vs. Automatic Irrigation

Figure 4.1 shows the difference between automatic and manual irrigation and its
effect on conservation practices. Baseline refers to the production practices currently
employed in the Delta. The baseline model that was calibrated used irrigation dates from
variety trials as discussed previously, meaning manual irrigation was used. When the
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conservation practices were run under manual irrigation, output on nutrient and sediment
loss was recorded and used to report on percent changes in nutrient and sediment loss.
When conservation practices were run under automatic irrigation, percent changes from
baseline auto were calculated and used to calculate yields for manual irrigation
conservation practices. Automatic irrigation was used to calculate percent changes in
crop yields without considering water stress.
The baseline with automatic irrigation model was used to evaluate how alternative
conservation practices affected crop yields. The baseline with manual irrigation was used
to evaluate changes in nutrient and sediment loss from the farm. The seven conservation
practices simulated under both manual and automatic irrigation settings were no-till, low
nitrogen, cover crops, no-till and low nitrogen, no-till and cover crops, low nitrogen and
cover crops, and no-till, low nitrogen, and cover crops. These conservation practices and
a brief description of each is provided in Table 8.
Table 4.4

Conservation Practices

Conservation Practice
No-till
Low Nitrogen
Cover Crops
No-till and Low Nitrogen
No-till and Cover Crops
Low Nitrogen and Cover Crops
No-till, Low Nitrogen, and Cover
Crops

Description
Use no tillage equipment to disturb soil
Reduced 20% of total nitrogen applied
Use Cover Crops Austrian Pea and Cereal Rye
before corn and soybean crops, respectively
No tillage practice with 20% nitrogen reduction
on corn
No tillage system and Cover Crops
Reduce total nitrogen applied to corn by 20% and
use Cover Crops
No tillage system with 20% reduction in nitrogen
fertilizer and Cover Crops
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Low Nitrogen
To quantify the result of a reduction in nitrogen (N) fertilization by 20% on corn
yield, denoted as the low nitrogen scenario, the applications of N fertilizers in April
(UAN + S 28%) and May (UAN 32%) were reduced to 285.5 lbs./ac and 349.4 lbs./ac,
respectively. Note the DAP application of 180 lb./acre applied in the preceding year’s fall
was not reduced. The total amount of nitrogen applied, under the low nitrogen
conservation practice was 217.6 lbs./ac. Soybean fertilization was not affected by this
conservation practice; therefore, operations/expenses were not affected.
Comparing the baseline and the low nitrogen scenarios, an 11% decrease in corn
yields were reported. The 11% decrease in corn yields was applied to the baseline 35year average of 200 bu./ac. and resulted in a yield of 178 bu./ac. This 178 bu./ac. was the
assumed average corn yield because of low nitrogen conservation practice. The enterprise
budgets were adjusted to account for the cost-savings of reductions in fertilizer costs and
for the decrease in corn yields. The reduction in fertilization does not influence any other
input cost, and thus, only the fertilizer direct expenses were adjusted. The benefit of
reducing nitrogen fertilizer on corn was calculated to be $25.65 per acre, which was
adjusted in the enterprise budget. Once changes were made in the enterprise budgets, per
acre net return for corn was found to be -$0.26. The loss in yield and its subsequent effect
on revenue far out-weighed the cost-savings of foregoing additional fertilizer. The per
acre net returns for corn in the low nitrogen conservation practice can be found in Table
4.5.
Results for soybean per acre net returns and corn are listed in Table 4.5.
Comparing the baseline soybean production to the low nitrogen setting discovered a 1%
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decrease in soybean yields. Revenue were negatively impacted although costs were not
impacted at all. Applying the 1% reduction in soybean yields resulted in decreased yields
from 66.78 bu./ac. to 66.11 bu./ac. The soybean loss affected revenues negatively and
resulted in a decrease in per acre net returns for soybeans to $124.72. The low nitrogen
conservation practice resulted in a per acre net return decrease of 16% from the baseline,
assuming the corn-soybean rotation.
Table 4.5

Per Acre Net Returns Low Nitrogen
Baseline

Low Nitrogen

Corn
$52.38
-$0.26
Soybean
$130.90
$124.72
Total
$111.27
$93.48
Total represents a weighted sum per acre net return of 25% corn and 75% soybeans
*, **, *** denote statistical difference at 10%, 5%, and 1% level for total net returns
Statistical difference was not tested for corn or soybean net returns, only total net returns
Table 4.6

Descriptive Statistics of Low Nitrogen Net Returns
Net Returns
$93.48
$74.96
-$111.94
$210.27

Average
Standard Deviation
Minimum
Maximum

Table 4.6 reports the descriptive statistics of the low nitrogen simulated net
returns. Earlier, it was hypothesized that the low nitrogen conservation practice would
have lower net returns than baseline. Although on average there was a decrease from
baseline net returns to the low nitrogen net returns, there was no statistical difference
between baseline and low nitrogen. A one-tail t-test was used to calculate if the low
nitrogen total net returns was different from the baseline. The benefits, or cost-savings,
45

from low nitrogen was outweighed by the loss in corn revenues. The effect was negative
per acre net returns for corn production, which, in turn, reduced the joint per acre net
returns of corn and soybeans. Soybean per acre net returns were affected as much as corn
per acre net returns because there were no cost-savings from the reduction in fertilizer.
There was a slight reduction in soybean yields under this conservation practice. The low
nitrogen conservation practice total per acre net return was not statistically different from
the baseline per acre net return. On average though, there was a decrease in per acre net
returns of the low nitrogen conservation practice compared to the baseline.
The low nitrogen conservation practice was compared to the baseline model for
nutrient and sediment runoff. Table 4.7 shows the total amounts and percentage
reductions in sediment, nitrogen, and phosphorus loss from the farm.
Table 4.7

Low Nitrogen Sediment, Nitrogen, and Phosphorus Loss
Baseline

Low Nitrogen

Sediment lb./ac
10.22
10.22 (0%)
Nitrogen lb./ac
20.47
19.57 (-4%)
Phosphorus lb./ac
7.13
6.98 (-2%)
Percent changes from baseline values are in parentheses
*, **, *** denote statistical difference at 10%, 5%, and 1% level, respectively
Table 4.8

Descriptive Statistics for Sediment, Nitrogen, and Phosphorus Loss Low
Nitrogen

Average
Standard Deviation
Minimum
Maximum

Sediment (lb./acre)

Nitrogen (lb./acre)

10.28
4.55
2.53
21.88

19.57
7.62
4.76
35.62
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Phosphorus
(lb./acre)
6.98
2.99
1.98
14.24

The low nitrogen conservation practice did not have statistically different
sediment and nutrient loss quantities from the baseline. Although low nitrogen caused a
four percent decrease in nitrogen runoff and a two percent decrease in phosphorus runoff
compared to the baseline, these values were not statistically different from the baseline
values.
No-till
From the baseline scenario, adjustments were made to convert the production
practice from a conventional tillage system to a no-till system. Baseline scenario refers to
specifically baseline with manual irrigation. Otherwise it will be baseline auto or baseline
with automatic irrigation. Under conventional tillage settings, seedbeds would be
prepared for both corn and soybeans the preceding fall. The incorporations of field disks,
harrows, plows, and other tillage equipment turn over soil to perform weed maintenance
and create seedbeds for the coming planting years. Under the no-till system, soil is not
disturbed with tillage equipment. From the baseline scenario, each tillage operation was
deleted and new OPS files were created to reflect these changes. Under the corn
management file, the subsoiler, disk harrow, bed/disk w/roller, and row conditioner were
deleted. These operations were not only deleted from the management file (OPS) but also
from the enterprise budgets. The cultivate operation was only deleted from the enterprise
budget as it was not included in the baseline scenario. Under the soybeans management
file, the subsoiler, disk harrow, field cultivator, and bed/lister roll/fold operations were
deleted. These deletions were made accordingly in the enterprise budgets.
Deletion of these tillage operations yielded a no-till farm system with the same
characteristics as the baseline. This conservation practice, no-till, was then set to run
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under both the automatic and manual irrigation settings to identify crop yield changes, if
any, and nutrient/sediment runoff statistics. As reported previously, the baseline auto
reported corn yields of 265.82 bu./ac., assuming 15% kernel moisture and soybean yields
of 69.44 bu./ac., assuming a bean moisture of 13%. The no-till with automatic irrigation
scenario resulted in corn yields of 249.01 bu./ac., assuming a 15% kernel moisture and
soybean yields of 69.30 bu./ac., assuming a bean moisture content of 13%. The soybean
yields were not affected by the change in tillage practices, while a 6% decrease in corn
yields under the no-till system was reported.
Per acre net returns for the no-till conservation practice are listed in Table 4.9.
The benefits, or cost-savings, from foregoing the tillage operations are valued at $47.49
and $32.77 per acre for corn and soybeans, respectively. Then, the percent changes in
crop yields under the no-till scenario were applied to the calibrated baseline. The
calibrated Baseline, or baseline with manual irrigation, reported a corn yield of 200
bu./ac., assuming a 15% kernel moisture content and soybean yields of 66.78 bu./ac.,
assuming a 13% bean moisture content. The baseline with manual irrigation will be
referred to as baseline for the rest of the paper. The 6% decrease in corn yields and 0%
change in soybean yields from the no-till system were applied to the 200 bu./ac. and
66.78 bu./ac. yields for corn and soybeans, respectively. The changes in crop yields
resulted in the no-till system, under manual irrigation, reporting corn yields of 188
bu./ac., assuming a 15% moisture content and soybean yields of 66.78 bu./ac., assuming a
13% moisture content. Once this information was in hand, adjustments to the revenue and
expense section of the enterprise budgets were made to calculate per acre net returns for
both crops independently and then jointly.
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Table 4.9

Per Acre Net Returns for No-till

Baseline
No-till
Corn
$52.38
$57.19
Soybean
$130.90
$163.67
Total
$111.27
$137.05*
Total represents a weighted sum per acre net return of 25% corn and 75% soybeans
*, **, *** denote statistical difference at 10%, 5%, and 1% level for total net returns
Statistical difference was not tested for corn or soybean net returns, only total net returns

Table 4.10

Descriptive Statistics of No-till Net Returns
Net Returns
$136.48
$76.52
-$73.41
$255.45

Average
Standard Deviation
Minimum
Maximum

No-till net returns were statistically different from the baseline at the 10% level.
The no-till system also resulted in changes in the runoff values reported. Total sediment
leaving the farm was reduced by 68%, while nitrogen and phosphorus leaving the farm
were reduced by 25% and 28%, respectively. The total amounts of sediment, nitrogen,
and phosphorus as well as the percent changes from baseline are reported in Table 4.11.
Table 4.11

No-till Nutrient and Sediment Loss

Baseline
No-till
Sediment lb./ac
10.22
3.30 (-68%)***
Nitrogen lb./ac
20.47
15.42 (-25%)***
Phosphorus lb./ac
7.13
5.12 (-28%)***
Percent changes from baseline values are in parentheses
*, **, *** denote statistical difference at 10%, 5%, and 1% level, respectively
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Table 4.12

Descriptive Statistics for Sediment, Nitrogen, and Phosphorus Loss No-till

Average
Standard Deviation
Minimum
Maximum

Sediment (lb./acre)

Nitrogen (lb./acre)

3.30
1.50
0.68
6.68

15.42
6.09
3.41
28.13

Phosphorus
(lb./acre)
5.12
2.12
2.04
10.72

The benefits from foregoing the tillage operations negated any negative impact
suffered on loss in crop yields and resulted in an increased per acre net returns for both
corn and soybeans as well as the joint production of the two commodities per acre net
return. The no-till system also resulted in significant decreases in sediment, nitrogen, and
phosphorus loss from the farm. The levels of nitrogen, phosphorus, and sediment loss
from the no-till system were statistically different from the baseline levels at the 1% level
each.
Cover Crops
In this conservation practice, cover crops were used to reduce sediment, nitrogen,
and phosphorus from leaving the farm. Cereal Rye and Austrian (winter) Pea were used
as the cover crops for this conservation practice. Cereal Rye is planted the fall before
soybeans are planted and Austrian Pea is planted the fall before corn. Both Cereal Rye
and Austrian Pea are killed off at least 2 weeks before planting of soybeans or corn
commences. Bryant et al. (2016) and Krutz et al. (2017) provided this research with cost
information and operational dates for the cover crops.
Adjustments were made to reflect the conservation practice of cover crops. The
subsoiler, disk harrow, bed disk w/roller, and aerial pesticide applications of glyphosate,
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Clarity, and Select Max were deleted from the original enterprise budget and from the
OPS files in APEX for corn production. Then, row conditioner, bedder disk/row, and
planting of Austrian Pea with a no-till drill were added to the enterprise budgets and OPS
files for corn. Adding these operations created seedbeds and planted the cover crops.
Additional operations were made to reflect the pesticide applications needed in the spring
to kill the cover crops two weeks before the planting of corn would begin. A similar
procedure took place for soybeans. The disk harrow, field cultivator, subsoiler, bed/lister
roll/fold, and aerial pesticide applications of Gramoxone and Select Max were deleted in
the soybean enterprise budget and management files. Operations were then added to
reflect the addition of cover crops into the production practice. Disk, bed, and rolling
operations were added as well as planting of Cereal Rye with a no-till drill.
The additions and deletions of specific operations yielded the conservation
practice of cover crops under a soybean-corn rotation. The conservation practice, cover
crops, was then run in APEX under the Automatic Irrigation setting. As reported
previously, the baseline auto reported corn yields of 265.82 bu./ac., assuming 15% kernel
moisture and soybean yields of 69.44 bu./ac., assuming a bean moisture of 13%. The
cover crops conservation practice reported corn yields of 252.63bu./ac., assuming a 15%
moisture content and soybean yields of 67.50 bu./ac., assuming 13% moisture. The
conservation practice cover crops decreased corn yields by 5% and soybean yields by
3%, holding all other variables constant. Also, an adjustment was made on the PHU
parameter for soybeans. The PHU for soybeans were adjusted from 2,400 to 2,300
because the Cereal Rye delayed the planting date of soybeans by two weeks, which
needed to be kept within a certain period.
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These percent changes in crop yields under the Automatic Irrigation setting were
then transferred to the baseline yields to discover the crop yield under the cover crops
scenario under Manual Irrigation. Applying the 3% decrease in soybean yields to the
baseline, a soybean yield of 64.78 bu./ac. was reported as well as a corn yield of 190
bu./ac.
The calculated per acre net returns for the conservation practice cover crops are
listed in Table 4.13. The cost of using cover crops was calculated as $89.61 per acre for
Austrian Pea and $91.66 for Cereal Rye according to information collected by Bryant et
al. (2016) and Krutz et al. (2017). The use of cover crops also allows producers to forego
some operations as previously discussed. The benefit, or cost-savings, from foregoing
these operations was calculated as $81.02 per acre for soybeans and $62.40 for corn.
Once the yields became known and the information on the enterprise budgets were
corrected for the changes necessary for cover crops production, per acre net returns could
be calculated for both corn and soybeans as well as the joint production of the two
commodities.
Table 4.13

Per Acre Net Returns of Cover Crops
Baseline

Cover Crops

Corn
$52.38
-$9.82
Soybean
$130.90
$76.36
Total
$111.27
$54.82***
Total represents a weighted sum per acre net return of 25% corn and 75% soybeans
*, **, *** denote statistical difference at 10%, 5%, and 1% level for total net returns
Statistical difference was not tested for corn or soybean net returns, only total net returns
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Table 4.14

Descriptive Statistics of Cover Crops Net Returns
Net Returns
$54.82
$75.30
-$151.61
$171.91

Average
Standard Deviation
Minimum
Maximum

The simulated net returns for cover crops was statistically different from the
baseline net returns at the 1% level. The cover crops system also had an impact on
sediment and nutrients leaving the farm. Sediment loss from the farm was reduced by
33%. Nitrogen loss was reduced by 13% and phosphorus loss was reduced by 25%. Total
amounts of sediment, nitrogen, and phosphorus loss are reported in Table 4.15. Table
4.15 also reports the percent change from baseline for each nutrient/sediment.
Table 4.15

Cover Crops Nutrient and Sediment Runoff
Baseline

Cover Crops

Sediment (lb/ac)
10.22
6.87 (-33%)***
Nitrogen (lb/ac)
20.47
17.71 (-13%)
Phosphorus (lb/ac)
7.13
5.35 (25%)*
Percent changes from baseline values are in parentheses
*, **, *** denote statistical difference at 10%, 5%, and 1% level, respectively
Table 4.16

Descriptive Statistics for Sediment, Nitrogen, and Phosphorus Loss Cover
Crops

Average
Standard Deviation
Minimum
Maximum

Sediment (lb./acre)

Nitrogen (lb./acre)

6.77
3.15
2.13
13.75

17.50
7.34
4.68
34.72
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Phosphorus
(lb./acre)
5.28
2.34
2.00
10.51

Cover crops simulated sediment loss levels and phosphorus loss levels statistically
different from the baseline at the 1% and 10% levels, respectively. There was no
statistical difference between nitrogen loss from cover crops or the baseline scenario. The
cost of additional activities from planting cover crops decrease farm net returns and
decrease crop yields, which decrease revenues. Employing the use of the Austrian Pea
and Cereal Rye had negative impacts on farm net returns, but these crops reduced
sediment and nutrient loss from the farm as a whole.
No-till and Low Nitrogen
The conservation practice no-till and low nitrogen employ the combination of
practices from the conservation practices of no-till and low nitrogen. Under the corn
management file, the subsoiler, disk harrow, bed/disk w/roller, and row conditioner were
deleted. These operations were not only deleted from the management file (OPS), but
also from the enterprise budgets. The cultivate operation was only deleted from the
enterprise budget as it was not included in the baseline farm model. Under the soybeans
management file, the subsoiler, disk harrow, field cultivator, and bed/lister roll/fold
operations were deleted. Also in the corn management files, the applications of N
fertilizers in April (UAN + S 28%) and May (UAN 32%) were reduced to 285.5 lbs./ac
and 349.4 lbs./ac, respectively. This gave a total reduction of 20% in nitrogen application.
The total amount of nitrogen applied, under the 20% reduction conservation practice,
became 217.6 lb./ac. These changes were made in the management files and in the
enterprise budgets.
The no-till and low nitrogen conservation practice was simulated in APEX under
the Automatic Irrigation and Manual Irrigation settings to identify any crop yield changes
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and nutrient/sediment runoff statistics, respectively. As reported previously, the baseline
auto reported corn yields of 265.82 bu./ac., assuming 15% kernel moisture and soybean
yields of 69.44 bu./ac., assuming a bean moisture of 13%. The no-till and low nitrogen
under the automatic irrigation setting resulted in an average corn yield of 217 bu./ac. and
soybean yields of 69.36 bu./ac. Under this conservation practice, corn yields were
reduced by 18%, while soybeans yields were not affected.
Results of the net returns are presented in Table 4.17.The benefits, or costsavings, from foregoing tillage practices were calculated to be $47.49 per acre and $32.77
per acre for corn and soybeans, respectively. The benefits for using less nitrogen fertilizer
on corn was calculated to be $25.65 per acre, which had no effect on soybean production.
The 18% corn yield reduction and 0% change in soybean yields from the no-till and low
nitrogen conservation practice were applied to the 200 bu./ac. and 66.78 bu./ac. corn and
soybean yields from baseline. This resulted in corn yields of 164 bu./ac. and 66.78 bu./ac.
for soybeans. Once these adjustments were made in the expenses portion of the enterprise
budgets and the corrected yields could accurately reflect revenues, per acre net returns
were calculated for the conservation practice.
Table 4.17

Per Acre Net Returns of No-till and Low Nitrogen
Baseline

No-till and Low Nitrogen

Corn
$52.38
-$2.75
Soybeans
$130.90
$163.67
Total
$111.27
$122.07
Total represents a weighted sum per acre net return of 25% corn and 75% soybeans
*, **, *** denote statistical difference at 10%, 5%, and 1% level for total net returns
Statistical difference was not tested for corn or soybean net returns, only total net returns
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Table 4.18

Descriptive Statistics of No-till and Low Nitrogen Net Returns
Net Returns
$121.86
$73.93
-$81.25
$238.08

Average
Standard Deviation
Minimum
Maximum

The no-till and low nitrogen conservation practice produced higher net returns
than the baseline. However, the no-till and low nitrogen conservation practice net return
was not statistically different from the baseline net returns. The no-till and low nitrogen
conservation practice resulted in sediment and nutrient loss changes. Total sediment loss
from the farm was reduced by 69%. Total nitrogen loss from the farm was reduced by
31%. Total phosphorus loss was reduced by 31%. The total amounts for sediment,
nitrogen, and phosphorus loss under this conservation practice is shown in Table 4.19.
Table 4.19

No-till and Low Nitrogen Sediment and Nutrient Runoff
Baseline

No-till and Low Nitrogen

Sediment lb./ac
10.22
3.17 (-69%)***
Nitrogen lb./ac
20.47
14.03 (-31%)***
Phosphorus lb./ac
7.13
4.89 (-31%)***
Percent changes from baseline values are in parentheses
*, **, *** denote statistical difference at 10%, 5%, and 1% level, respectively
Table 4.20

Descriptive Statistics for Sediment, Nitrogen, and Phosphorus Loss No-till
and Low Nitrogen

Average
Standard Deviation
Minimum
Maximum

Sediment (lb./acre)

Nitrogen (lb./acre)

3.17
1.45
0.70
6.37

14.03
5.30
3.33
24.68
56

Phosphorus
(lb./acre)
4.89
1.82
1.97
8.87

The benefits from foregoing tillage practices and additional fertilizer negated the
negative impact from lost corn yields in the joint per acre net return of both corn and
soybeans. Separately, however, the lost yield in corn outweighed the benefits of
foregoing tillage practices and additional fertilizer. The magnitude of lost corn revenues
resulted in per acre net return for corn alone to be negative. The conservation practice notill and low nitrogen increased per acre net returns from the baseline while decreasing
sediment, nitrogen, and phosphorus loss from the farm.
No-till and Cover Crops
The conservation practice no-till and cover crops is a joint practice of the no-till
and cover crops conservation practices. Under the corn management file, the subsoiler,
disk harrow, bed/disk w/roller, and row conditioner were deleted along with aerial
pesticide applications. These operations were not only deleted from the management file
(OPS), but also from the enterprise budgets. The cultivate operation was only deleted
from the enterprise budget as it was not included in the baseline farm model. Under the
soybeans management file, the subsoiler, disk harrow, field cultivator, and bed/lister
roll/fold operations were deleted along with the aerial pesticide applications in fall, the
preceding year. Planting of Austrian Pea with a no-till drill was added to the management
file and enterprise budgets. Additional operations were made to reflect the pesticide
applications needed in the spring to kill the cover crops two weeks before the planting of
corn would begin. Operations were then added to reflect the addition of cover crops into
the production practice. Cereal Rye was planted using a no-till drill. Tillage practices did
not occur to reflect the no-till practice.
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Once the correct changes had been made to the management files to accurately
depict the conservation practice of no-till and cover crops, the simulation was run in
APEX under the automatic irrigation setting. As reported previously, the baseline auto
reported corn yields of 265.82 bu./ac., assuming 15% kernel moisture and soybean yields
of 69.44 bu./ac., assuming a bean moisture of 13%. Under the conservation practice of
no-till and cover crops, average corn yields of 246.78 bu./ac. and soybean yields of 67.82
bu./ac. were reported. Under this conservation practice, corn yields were reduced by 7%
and soybean yields were reduced by 2%.
Per acre net returns were calculated and are reported in Table 4.21 for no-till and
cover crops conservation practice. The percent yield reductions of 7% for corn and 2%
for soybeans were applied to the baseline corn and soybean yields. Applying the percent
yields reductions resulted in a corn yield of 186 bu./ac. and a soybean yield of 65.44
bu./ac. These calculated yields are the assumed yields for the conservation practice no-till
and cover crops. The benefits from foregoing tillage operations was calculated to be
$78.15 per acre for corn and Austrian Pea crops. The benefits from foregoing tillage
operations and aerial pesticide applications were calculated to be $81.02 per acre for
soybeans and Cereal Rye. The cost of using Austrian Pea and Cereal Rye as cover crops
was calculated as $78.78 per acre and $66.55 per acre, respectively. These adjustments
were made in the enterprise budgets to reflect decreases and increase in costs and
decreases in crop yields.

58

Table 4.21

Per Acre Net Returns of No-till and Cover Crops
Baseline

No-till and Cover Crops

Corn
$52.38
$3.67
Soybean
$130.90
$104.28
Total
$111.27
$79.13**
Total represents a weighted sum per acre net return of 25% corn and 75% soybeans
*, **, *** denote statistical difference at 10%, 5%, and 1% level for total net returns
Statistical difference was not tested for corn or soybean net returns, only total net returns
Table 4.22

Descriptive Statistics of No-till and Cover Crops Net Returns
Net Returns
$121.86
$73.93
-$81.25
$238.08

Average
Standard Deviation
Minimum
Maximum

The no-till and cover crops conservation practice also resulted in sediment and
nutrient loss values different from the baseline. Total sediment loss from the conservation
practice was reduced by 77%. Total nitrogen loss from the farm was reduced by
38%.Total phosphorus loss from the farm was reduced by 54%. Total amounts of
sediment, nitrogen, and phosphorus loss are reported in Table 4.23.
Table 4.23

No-till and Cover Crops Sediment and Nutrient Runoff
Baseline

No-till and Cover Crops

Sediment lb./ac
10.22
2.39 (-76%)***
Nitrogen lb./ac
20.47
12.69 (-38%)***
Phosphorus lb./ac
7.13
3.25 (-54%)***
Percent changes from baseline values are in parentheses
*, **, *** denote statistical difference at 10%, 5%, and 1% level, respectively
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Table 4.24

Descriptive Statistics for Sediment, Nitrogen, and Phosphorus Loss No-till
and Cover Crops

Average
Standard Deviation
Minimum
Maximum

Sediment (lb./acre)

Nitrogen (lb./acre)

2.39
1.07
0.53
4.35

12.69
5.61
2.52
24.28

Phosphorus
(lb./acre)
3.25
1.48
1.23
7.37

The benefits from foregoing tillage operations were negated by the cost of using
cover crops and the loss in crop yields. The high cost of using cover crops and loss in
crop yields resulted in a joint production per acre net return decrease of 10% from the
baseline. The loss in net returns was shown to be effective in reducing sediment and
nutrient runoff. Sediment, nitrogen, and phosphorus loss from the farm were all heavily
reduced through this conservation practice but at a great cost to the producer.
Low Nitrogen and Cover Crops
The conservation practice low nitrogen and cover crops is a combination of the
conservation practices low nitrogen and cover crops. The applications of N fertilizers in
April (UAN + S 28%) and May (UAN 32%) were reduced to 285.5 lbs./ac and 349.4
lbs./ac, respectively. The total amount of nitrogen applied, under the low nitrogen
conservation practice, was 217.6 lbs./ac. The cover crops conservation scenario alone had
certain tillage practices added and removed along with planting the cover crops. The
operations for cover crops were used in the low nitrogen and cover crops scenario.
Once these changes were reflected in the management files in APEX, the
simulation of this conservation practice occurred. As reported previously, the baseline
auto reported corn yields of 265.82 bu./ac., assuming 15% kernel moisture, and soybean
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yields of 69.44 bu./ac., assuming a bean moisture of 13%. Results from the low nitrogen
and cover crops reported an average corn yield of 221.52 bu./ac. and an average soybean
yield of 66.74 bu./ac. Corn yields, on average, were reduced by 17% and soybean yields
by 4% due to the reduction in fertilization and cover crops.
Table 4.25 lists the per acre net returns of the low nitrogen and cover crops
conservation practice. The cost of using the Austrian Pea as a cover crops was calculated
as $89.61 per acre and $91.66 per acre for Cereal Rye. Certain tillage operations were not
necessary because of the use of cover crops. These tillage practices that were unnecessary
were removed from the budgets and APEX simulation. The unnecessary tillage practices
had a cost-savings of $62.40 per acre for corn and $81.02 per acre for soybeans. The
benefits of reductions in fertilizer were valued at $25.65 per acre for corn production. The
low nitrogen and cover crops conservation practice decreased corn yields by 17%. The
17% decrease in corn yields were applied to the 200 bu./ac., assuming 15 % moisture,
baseline yields. The low nitrogen and cover crops conservation practice also decreased
soybean yields by 4%. The 4% decrease in soybean yield was applied to the 66.78
bu./ac., assuming 13% moisture, baseline yields. This calculation yielded results of corn
yields of 166 bu./ac. and soybean yields of 64.11 bu./ac. With the information of extra
incurred costs, benefits, and changes in revenues, calculations were made in the budgets
for per acre net returns.
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Table 4.25

Per Acre Net Returns of Low Nitrogen and Cover Crops
Baseline

Low Nitrogen and Cover Crops

Corn
$52.38
$(68.91)
Soybean
$130.90
$69.48
Total
$111.27
$34.88**
Total represents a weighted sum per acre net return of 25% corn and 75% soybeans
*, **, *** denote statistical difference at 10%, 5%, and 1% level for total net returns
Statistical difference was not tested for corn or soybean net returns, only total net returns
Table 4.26

Descriptive Statistics of Low Nitrogen and Cover Crops Net Returns

Net Returns
Average
$34.88
Standard Deviation
$73.08
Minimum
-$162.91
Maximum
$146.73
Place all detailed caption, notes, reference, legend information, etc here
This conservation practice also resulted in sediment, nitrogen, and phosphorus
loss reductions. Sediment loss from the farm was reduced by 33%. Nitrogen loss from the
farm was reduced by 19%. Phosphorus loss from the farm was reduced by 28%. Total
amounts of sediment, nitrogen, and phosphorus loss from the farm are shown in Table
4.27.
Table 4.27

Low Nitrogen and Cover Crops Sediment and Nutrient Runoff
Baseline

Low Nitrogen and Cover Crops

Sediment lb./ac
10.22
6.89 (-33%)***
Nitrogen lb./ac
20.47
16.60 (-19%)**
Phosphorus lb./ac
7.13
5.14 (-28%)***
Percent changes from baseline values are in parentheses
*, **, *** denote statistical difference at 10%, 5%, and 1% level, respectively
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Table 4.28

Descriptive Statistics for Sediment, Nitrogen, and Phosphorus Loss Low
Nitrogen and Cover Crops
Sediment (lb./acre)

Nitrogen (lb./acre)

6.89
3.22
2.15
13.84

16.60
6.91
4.54
32.49

Average
Standard Deviation
Minimum
Maximum

Phosphorus
(lb./acre)
5.14
2.25
1.50
10.55

Employing the use of cover crops proved expensive, and the benefit of using less
fertilizer was outweighed by the decrease in corn yields. Therefore, this resulted in
negative per acre returns for corn production and substantially lower per acre net returns
for soybeans. Using the low nitrogen and cover crops conservation practice did reduce
sediment and nutrient loss from the farm, but also reduced the joint per acre net return by
69%.
Low Nitrogen, Cover Crops, and No-till
The final conservation practice, low nitrogen, cover crops, and no-till, is a
combination of the basic three conservation practices. In this conservation practice, total
nitrogen applied to corn was reduced by 20% while using Austrian Pea and Cereal Rye as
cover crops for corn and soybeans, respectively. In addition, this conservation practice
utilizes a no-till system. Adjustments were made to the management files in APEX to
reflect the production changes.
Once the management files were created to reflect the conservation practice, the
farm was simulated in APEX. Under this conservation practice, average corn yields were
reduced by 19% and soybean yields reduced by 3%.
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Applying these percent reductions in yields to the baseline yields, corn and
soybean yields of 162 bu./ac. and 64.78 bu./ac. were reported, respectively. The per acre
net returns of the low nitrogen, cover crops, and no-till practice are reported in table 4.29.
These are the assumed yields of the low nitrogen, cover crops, and no-till. The costsavings of foregoing tillage operations deleted to plant Austrian Pea were calculated as
$30.66 per acre, while foregoing all other tillage operations saved $47.49 per acre under
corn production. The benefits of foregoing aerial pesticide applications in order to plant
Cereal Rye were calculated as $48.25 per acre, while not performing all other tillage
operations saved $32.77 per acre in soybean production acres. The cost of using Cereal
Rye as a cover crops in a no-till practice was calculated as $66.55 per acre and Austrian
Pea costs were calculated as $78.70 per acre.
Table 4.29

Per Acre Net Returns of Low Nitrogen, Cover Crops, and No-till
Baseline

Low Nitrogen, Cover Crops,
and No-till
Corn
$52.38
-$56.56
Soybean
$30.90
$99.56
Total
$111.27
$60.53***
Total represents a weighted sum per acre net return of 25% corn and 75% soybeans
*, **, *** denote statistical difference at 10%, 5%, and 1% level for total net returns
Statistical difference was not tested for corn or soybean net returns, only total net returns
Table 4.30

Descriptive Statistics of Low Nitrogen, Cover Crops, and No-till Net
Returns
Net Returns
$60.53
$72.07
-$137.34
$173.24

Average
Standard Deviation
Minimum
Maximum
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The low nitrogen, cover crops, and no-till conservation practice decreased
sediment and nutrient loss from the farm. Sediment loss was reduced by 76%. Nitrogen
loss was reduced by 43%. Phosphorus loss was reduced by 55%. The total amounts of
sediment and nutrient loss from the farm are reported below in Table 4.31.
Table 4.31

Low Nitrogen, Cover Crops, and No-till Sediment and Nutrient Runoff
Baseline

Low Nitrogen, Cover Crops,
and No-till
2.41 (-76%)***
11.61 (-43%)***
3.17 (-55%)***

Sediment lb./ac
10.22
Nitrogen lb./ac
20.47
Phosphorus lb./ac
7.13
Percent changes from baseline values are in parentheses
*, **, *** denote statistical difference at 10%, 5%, and 1% level, respectively
Table 4.32

Descriptive Statistics for Sediment, Nitrogen, and Phosphorus Loss Low
Nitrogen, Cover Crops, and No-till

Average
Standard Deviation
Minimum
Maximum

Sediment (lb./acre)

Nitrogen (lb./acre)

2.41
1.10
0.54
4.43

11.61
5.02
2.44
22.72

Phosphorus
(lb./acre)
3.17
1.40
1.22
6.00

This conservation practice reduced sediment, nitrogen, and sediment losses from
the farm substantially. However, the expense of cover crops and loss of yields had a large
negative impact of corn per acre net returns. Soybean per acre net returns were also
negatively affected by this conservation practice but not to the same magnitude that corn
was.
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Comparisons of Per Acre Net Returns and Sediment/Nutrient Loss Values
Figures 4.2, 4.3, and 4.4 show the per acre returns of the conservation practice
graphed against the amount of sediment, nitrogen, and phosphorus loss. Each
conservation practice reduced sediment, nitrogen, and phosphorus loss from the farm
except for the low nitrogen scenario. The no-till and no-till and low nitrogen conservation
practices improved joint per acre net returns because of the cost-savings associated with
eliminating tillage practices. All other conservation practices proved costly and
inefficient in reducing sediment/nutrient loss from the farm. The conservation practice
no-till and cover crops reduced sediment loss the most. The conservation practice low
nitrogen, cover crops, and no-till reduced nitrogen loss from the farm the most. The
conservation practice low nitrogen, cover crops, and no-till reduced phosphorus loss from
the farm the most. In Figures 4.2, 4.3, and 4.4, per acre net returns are graphed against
total sediment, nitrogen, and phosphorus loss from the farm.
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Figure 4.2

Net Returns and Sediment Loss
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10.00

12.00

Figure 4.2 graphed the per acre net returns of the conservation practices against
the level of sediment loss experienced from the conservation practice. Immediately, the
baseline and low nitrogen production practices are shown to have the greatest amount of
sediment loss. The no-till conservation practice was calculated to have the highest per
acre net return. The no-till conservation practice was also fourth in reducing sediment
loss. The no-till and low nitrogen conservation practice also had a higher per acre net
return than the baseline while reducing sediment loss. The no-till and no-till and low
nitrogen conservation practices were calculated as having a higher per acre net return
than the baseline while reducing sediment loss from the farm.
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Figure 4.3

Net Returns and Nitrogen Loss

Figure 4.3 graphed the per acre net returns of the conservation practices against
the total nitrogen loss. The low nitrogen, cover crops, and no-till conservation practice
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yielded the least amount of nitrogen loss from the farm. The baseline production practice
yielded the highest amount of nitrogen loss from the farm. The no-till and no-till and low
nitrogen conservation practices were calculated to have a higher per acre net return than
baseline. The no-till and no-till and low nitrogen conservation practices were fourth and
third in reducing nitrogen loss from the farm.
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Figure 4.4

Net Returns and Phosphorus Loss

Figure 4.4 reported per acre net returns and phosphorus loss for each of the
conservation practices. The low nitrogen, cover crops, and no-till conservation practice
reduced phosphorus loss from the baseline practice the most. The no-till and no-till and
low nitrogen conservation practices had the highest per acre net returns. The no-till and
no-till and low nitrogen conservation practice also were fourth and third in reducing
phosphorus loss. The no-till conservation practice had slightly less phosphorus loss than
the low nitrogen and cover crops conservation practice. The baseline production practice,
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once again, was reported to have the highest amount of phosphorus loss as it was for
nitrogen and sediment.
In Table 4.33, results have been summarized across all scenarios. Results show
that the no-till and no-till and low nitrogen conservation practices had the simulated
highest per acre net return. The no-till conservation practice was statistically different
from the baseline at the 10% level. No-till decreased sediment and nutrient loss from the
farm. The nutrient and sediment loss values of no-till were statistically different from
baseline at the 1% level. The scenario that had the simulated lowest net returns was the
low nitrogen and cover crops scenario. Low nitrogen and cover crops net returns was
statistically different from the baseline at the 1% level. The low nitrogen conservation
practice was not statistically different from the baseline in net returns or nutrient and
sediment loss.
Table 4.33

Summary of all Conservation Practices

No-till
No-till + Low
Nitrogen
Baseline
Low Nitrogen
No-till + Cover
Crops
Low Nitrogen +
Cover Crops + Notill
Cover Crops

Sediment
(lb./ac.)

Nitrogen
(lb./ac.)

Phosphorus
(lb./ac.)

Net Returns

3.30***

15.42***

5.12***

$137.05*

3.17***

14.03***

4.89***

$122.07

10.22

20.47

7.13

$111.27

10.22

19.57

6.98

$ 93.48

2.39***

12.69***

3.25***

$79.13**

2.41***

11.61***

3.17***

$60.53***

6.87***

17.71

5.35*

$54.82***

Low Nitrogen +
6.89***
16.60**
5.14***
$34.88***
Cover Crops
*, **, *** denote statistical difference at 10%, 5%, and 1% level, respectively
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Community Results
The Impact for Planning and Analysis (IMPLAN) model was used in this study to
perform a net economic contribution analysis of a 2,500 acre farm, implementing the low
nitrogen conservation practice. It was assumed that the farm used a 25%-75% cornsoybean rotation located in Sunflower County. It was also assumed that the farm’s
baseline practices were the same as specified for the baseline production practices from
the enterprise budgets. The analysis used 2014 economic data from IMPLAN specific to
Sunflower County. However, 2017 was the selected event year for the contribution
analysis. This means the 2014 economy was used with 2017 prices for analysis.
Tables 4.34 and 4.35 reported the top ten industries and other economic statistics
for Sunflower County in 2014. An overview of the 2014 Sunflower County economy
from IMPLAN showed that Gross Regional Product (GRP) was $704,549,289. Gross
Regional Product is the measure of the region’s wealth and can be measured on an
income basis or expenditure basis (IMPLAN Group LLC 2015). The GRP stated above
and in Table 4.34 is reported as being measured on an income basis. Total employment
for the county was 11,557, which was the annual average number of full and part-time
jobs in the region. There were 152 different industries in the economy, and the average
household income was $88,063.
Table 4.34

Sunflower County Overview

GRP
Total Personal Income
Total Employment
Number of Industries
Population
Total Households
Average Household Income

$704,549,289.00
$834,157,400.00
11,557
152
27,496
9,472
$88,063.00
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Table 4.35
Sector
534

Top Ten Industries of Sunflower County in 2014
Description

Employment

Employment and payroll of
1,865
local government, education
533
Employment and payroll of
1,098
local government, noneducation
416
Warehousing and storage
596
531
Employment and payroll of
404
state government, non-education
502
Limited-service restaurants
367
395
Wholesale trade
351
14
Animal production, except
317
cattle and poultry and eggs
483
Nursing and community care
294
facilities
411
Truck transportation
267
509
Personal care services
265
Sector refers to industry sectors specified in IMPLAN

Labor
Income
$75,135,690

Output
$85,912,870

$53,134,070

$60,813,010

$23,469,940
$20,103,940

$55,010,630
$23,209,370

$4,800,022
$18,186,180
$26,702,200

$23,343,900
$70,344,770
$34,053,560

$8,929,140

$16,784,110

$16,070,110
$2,045,018

$42,466,670
$5,111,120

To analyze the effect of the 2,500 acre simulated farm utilizing a conservation
practice, a contribution analysis was performed in IMPLAN. A contribution analysis is
different than an impact analysis; therefore, different procedures were needed to perform
the contribution analysis. Of the 536 industry sectors available for use in IMPLAN, the
grain farming industry sector was the sector used for this contribution analysis.
First, event values were created to reflect the farm under the baseline scenario and
the conservation practice scenario. Event values are the revenues for the conservation
practices being evaluated. Event values represent the change in economic activity from a
policy, event, or new industry. The event values assumed the 2,500 acre farm was, again,
25%-75% corn-soybean rotation. Soybean yields were assumed not to be affected from
the decrease in nitrogen fertilizer applied to corn acreage from the baseline. The corn
yield revenues per acre for both baseline and conservation practice were used to calculate
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total corn revenue for the farm by multiplying the per acre revenues by 625. The values
for total revenue for corn under the baseline and conservation practice are reported in
Table 4.36.
Table 4.36

Baseline and Conservation Practice Revenue for Corn Production

Corn yields
(bushel/acre)
Corn revenue (625
acres)

Baseline
200

Low Nitrogen
178

$475,000

$422,750

Next, steps were made to adjust, or deflate, the event values to show the direct
contribution of the industry. These are the procedures recommended by IMPLAN Group
LLC (2015) to perform a contribution analysis. The Type Social Accounting Matrix
(SAM) multiplier was used to adjust the revenues under the baseline and conservation
practice to show the direct contribution; therefore, the indirect and induced effects were
not double counted. A SAM reports a detailed snapshot of an economy by explicitly
stating all market and non-market resource flows and income. The reciprocal of the Type
SAM multiplier was used to multiply the revenues of the baseline and conservation
practice. The reciprocal of the Type SAM multiplier was used to deflate the event values.
This was done to perform an economic contribution analysis. If the reciprocal of the Type
SAM multiplier had not been used to deflate the event values, an economic impact
analysis would have been performed. The values calculated from this procedure are the
actual event values used in IMPLAN. These values are listed in Table 4.37.
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Table 4.37

Deflated Event Values Used in IMPLAN
Total Corn Revenues
$475,000.00
$422,750.00

Baseline
Low Nitrogen

Deflated Event Values
$468,240.02
$416,733.62

Third, events and activities were created within IMPLAN to reflect the baseline
and conservation practice scenarios. The deflated event values were then used to create
the net economic contribution analysis. The low nitrogen event value was entered as a
negative to create the net contribution analysis. Once the events and values were created,
the scenario was analyzed. The effects of a 2,500 acre farm under a 25%-75% cornsoybean rotation switching from baseline production practices to low nitrogen are shown
in Table 4.38.
Table 4.38

Net Contribution Analysis
Employment

Labor Income

0.1
0.1
0.0
0.3

$7,072.68
$4,624.47
$980.28
$12,677.42

Direct Effect
Indirect Effect
Induced Effect
Total Effect

Total Value
Added
$7,982.28
$7,554.63
$2,216.77
$17,753.69

Output
$51,506.40
$13,962.14
$4,037.92
$69,506.45

Employment, labor income, value-added, and output are the measurements used
to report the contribution analysis. Employment reports the number of full-time and part
time-jobs affected. Labor income reports the amount of employee wages affected from
the change in economic activity. Value-added is the residual of a company’s total output
minus its intermediate inputs. Total output represents the value of industry production.
The total output statistic here represents the loss in value of production from the change
in economic activity.
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The calculated contribution analysis shows that the total effect, direct plus indirect
and induced, on jobs was a loss of 0.3 full-time and part-time jobs. Implementing the
conservation practice on the farm resulted in a loss of 0.3 full-time and part-time jobs.
Total labor income, or employee compensation, was reduced by $12,677.42.
Implementing the conservation practice caused less wages for employees overall. Total
value-added was reduced by $17,753.69. Value-added is the residual value of a sector’s
outputs once inputs are paid for (Henderson et al. 2016). Total output in Sunflower
County was reduced by $69,506.45. Therefore, because of implementing the low
nitrogen conservation practice on the farm and losing possible income, total gross sales of
goods and services in the region decreased by $69,506.45.
The top ten sectors affected by the conservation practice are listed in Table 4.39.
Other industry sectors were affected by the implementation of the conservation practice
by the farm. Changes in economic activity have ripple effects throughout a region’s
economy. Sectors, excluding grain farming, that were impacted by this conservation
practice are the indirect and induced effects.
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Table 4.39

Top Ten Sectors Affected

Sector Description
2
395
19
440
262
433

441
1
411
62

Grain farming
Wholesale trade
Support activities
for agriculture and
forestry
Real estate
Farm machinery
and equipment
manufacturing
Monetary
authorities and
depository credit
intermediation
Owner-occupied
dwellings
Oilseed farming
Truck
transportation
Maintenance and
repair construction
of nonresidential
structures

Total
Employment
0.1
0.0
0.0

Total Labor
Income
$ 7,174.78
$867.49
$1,657.59

Total Value
Added
$8,097.52
$1,915.33
$1,907.28

Total
Output
$52,249.98
$3,236.67
$2,489.22

0.0
0.0

$58.67
$66.32

$639.39
$183.07

$1,256.67
$962.55

0.0

$287.63

$584.30

$941.74

0.0

-

$593.22

$912.45

0.0
0.0

$297.83
$264.48

$536.13
$300.36

$695.17
$691.89

0.0

$105.33

$148.91

$502.06

Table 4.39 lists the top ten industry sectors affected by the 2,500 acre farm
implementing the low nitrogen conservation practice. The grain farming sector was
affected most in all economic indicators reported. Wholesale trade and support activities
for agriculture were the next two most affected by the conservation practice. Table 41
also shows each industry sectors’ employment, value-added, employee wages, and total
output effects from the conservation practice. This contribution analysis showed not only
that the farm has reduced income from the conservation practice, but that other industry
sectors within Sunflower County are affected by the implementation of the conservation
practice as well.
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CHAPTER V
CONCLUSION
Given the natural characteristics of the simulated farm, the no-till production
practice yielded the highest per acre net returns while reducing nutrient and sediment
loss. Each of the conservation practices simulated decreased net returns for the farm
except no-till and no-till with low nitrogen. These production practices represent a
limited selection of conservation practices. However, no-till practices are not suitable for
the Mississippi Delta area. The natural characteristics of the Delta constrain producers to
use forms of tillage. Tillage is needed to ensure that furrows are present to transport
irrigated water and break up compaction of the soil (Falconer, 2017). Therefore, although
no-till and no-till with low nitrogen were simulated to have the highest net return, these
are not economically viable options for producers in the Mississippi Delta.
Some producers across the Midwest and in the Corn Belt use no-till because soil
type, climate and other factors support the economics of doing so and no-till is used for
mitigating NPS pollution from agriculture. However, agricultural production across the
U.S. is heterogeneous. Location matters. Even though the simulated farm produced high
net returns under no-till practices, this is not economically viable for MS producers.
Water quality policies in the U.S. should account for farm location in setting any water
quality standard. If farm location is ignored, farm-level profitability will be
disproportionally impacted. Therefore, place-based water quality standards that account
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for the natural characteristics of the location, be in county or regional, are crucial in
ensuring farm-level profitability and reducing agricultural NPS pollution.
The Impact for Planning and Analysis (IMPLAN) model was used to assess the
economic contribution of a change in income of the simulated farm in Sunflower County.
The change in income for the simulated farm was the difference in using baseline
production practices and the low nitrogen conservation practice. This study evaluated the
community effects of the 2,500 acre farm reducing nitrogen use and therefore losing
yields and overall net returns. This study used 2014 economic data was used along with
2017 prices in the analysis.
The IMPLAN regional multiplier was used to deflate the event values so that only
a contribution analysis was performed and not an impact analysis. Two different events
were created in IMPLAN: one assuming the farm was producing under baseline
characteristics and the second assuming it was using the low nitrogen conservation
practice. Event values were entered for each. These event values were the revenue the
farm obtained from the simulated yields. Then a net economic contribution analysis was
performed.
Results from the IMPLAN analysis showed that the community would lose 0.3
full and part-time jobs. As a result of the loss in farm income, less wages in total were
paid to the community amounting to $12,667.42. This loss in wages is the total effect
from the loss in farm income. The total effect is the sum of the direct, indirect, and
induced effects. Total value added and total output for Sunflower County were also
negatively impacted because of the reduction in crop yields and the ultimate loss in net
returns for the farm. These community results from the IMPLAN economic contribution
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analysis only evaluated one of the conservation practices simulated in APEX. The results
from the IMPLAN analysis indicate that restricting fertilizer quantity may have negative
community effects. However, an IMPLAN economic contribution analysis on the no-till
and no-till and low nitrogen conservation practices may yield a more positive result.
Environmental and economic sustainability in agriculture is vital with the growing
population of the world. States are developing and proposing numeric nutrient criteria
(water quality standards) in accordance with EPA mandates. The NNC standards are an
effort to reduce agricultural non-point source pollution and subsequently reduce affected
environmental and economic sectors. Many studies have suggested different legislative
measures and conservation practices. Most studies are performed at the regional level and
assume homogeneity across farms in that area.
However, this study evaluated different agricultural practices for profitability and
environmental effects at the farm-level. This research also found that some suggested
conservation practices can be costly to implement for a producer, causing profitability
reductions. However, it was found that some of the conservation practices evaluated may
be beneficial under the assumptions previously mentioned, meaning there are positive
alternatives for agricultural production. Sediment and nutrient loss reductions are
achievable through many conservation practices. The BESAP model can be a useful
framework to understand the intersections of farm-level profitability, conservation, and
local economic effects.
This study also provided information on farm-level profitability where most
studies have only evaluated large regions. Most previous literature performed large area
analyses that homogenize the economic effects of producers abiding by certain standards
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or regulations. This research provides a clear method for obtaining farm-level analyses of
different agricultural conservation practices. This study is a first of its kind because of the
farm-level evaluations performed.
Although traditional production practices may be less profitable for producers,
certainly some conservation practices are more costly to utilize than traditional practices.
Although this study reports no-till and low nitrogen and no-till had higher simulated per
acre net returns, this should not be taken as a prescription for producers across the United
States. This was a case study in Sunflower County using variety trial data, enterprise
budgets, and other information to characterize a farm. It should also be noted that no-till
is not a viable option for agricultural producers in the Mississippi Delta. If anything, this
study has shown the value of the BESAP model and its components as an efficient
method to understanding different conservation practices their associated farm and local
economy effects. The BESAP model represents a new methodological approach that
sheds light on how to examine farm-level conservation and development and how those
changes affect the local economy.
Implications and Future Research
Future research should evaluate different conservation practices in different
Mississippi counties. The BESAP model is well-suited for this type of work as evidenced
herein. This is crucial to gain a better understanding of how conservation practices affect
environmental issues across the Mississippi Delta. Future research would do well to
examine variability in soil types and other natural characteristics that may result in
different economic estimates for farm-level net returns, and in return, different local
economy effects.
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This study does have some limitations. It is not a prescription for sediment and
nutrient loss across the United States. The crop rotation was limited to a 25%-75% cornsoybean rotation which is reflective of agricultural practices in Sunflower County.
However, there are many other agricultural commodities available for producers to
choose for production. Including different crop mixes in future analyses would be
beneficial. Commodity prices were assumed constant for this research as well. It is
certain that input and output commodity prices are important factors in farm profitability.
As such, varying alternative crop mixes and output prices for those mixes could result in
different results. In this study, land rent and crop insurance were not considered when
performing this analysis, but could be considered in future research.
This research added a new methodology, the BESAP model, and showed how to
apply said model to the economics of NPS pollution in Mississippi agriculture. Results
from this study showed that direct changes in farm-level net returns have both a direct
and an indirect effect at the local economy level, an often overlooked result in previous
studies. Also, this study is consistent with previous literature in an important respect:
local matters when setting water quality standards that can be used to reduce NPS
pollution in agriculture. Specifically, farm location matters when considering any policy
to mitigate NPS pollution at the farm-level. Broad water quality policies that ignore farm
location and its heterogeneity will disproportionally negatively affect agricultural
producers. Finally, this study has provided a roadmap of sorts for future research. The
BESAP model can be used to mimic any farm-level production system and understand
how changes in farm-level returns affect any local economy. Thus, the BESAP model can
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be used to evaluate proposed water quality polices that affect farm-level production net
returns and any associated community level economics.
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